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ABSTRACT 
Miller, Bruce Eric, M.S., July 1994 Resource Conservation 
Revegetation of Smelter-Affected Lands Using Native Trees and Shrubs at Anaconda, 
Montana (138 pages). 
Director; Dr. Paul L. Hansen 
Atlantic Richfield Company (ARCO) commissioned a study to determine the suitability 
of native plant species for revegetation of soils that have been impacted by ninety-six years 
of smelter emissions at Anaconda, Montana. Emissions were discontinued twelve years 
prior to the study. Planning for the revegetation of these areas can be determined by the 
study's plant survival predictions. 
The study took place over a seventeen month period. Study sites were selected that 
most closely approximate the areas to be revegetated. Trial plots were placed on 
southeast and southwest aspects. Eighteen-hundred plants were tested using six conifer 
and four deciduous species. Two planting methods were used, a standard planting method 
and plant in a shallow pit, for each species. Plant stock was containerized nursery stock 
that is regionally, but not locally, adapted. A review of current and past site conditions, 
and past efforts of revegetation, was conducted to place the trial results into an ecological 
context. 
Overall survival of trials plants was 64 percent, which is comparable to rates of survival 
at revegetation projects in the region. All ten trial species had survival rates that were 
high enough for inclusion in future revegetation projects. Survival appeared to be related 
to soil moisture, soil metals content, wildlife, and other factors. Survival of plants using 
the pit planting method was significantly higher than non-pitted plants for three of the ten 
species tested. Survival rates of the commercial stock in the experiment were very similar 
to survival rates of similar species grown from local sources of seed in recent Anaconda 
revegetation efforts. 
The species and planting methods investigated in this study should be useflil for planning 
revegetation efforts near Anaconda. 
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INTRODUCTION 
Ninety-six years of smelter emissions have impacted the vegetation surrounding 
Anaconda, Montana. Native vegetation has been influenced by emissions from Anaconda 
copper smelting. Some of the areas are suffering from accelerated wind and water 
erosion. Revegetation activities have been undertaken by Atlantic Richfield Company 
(ARCO). 
This project was a field experiment fiinded by ARCO at Anaconda. The 
experiment was conducted by Land and Water Consulting, Inc. of Missoula, Montana. 
The results of the experiment will be used in future revegetation programs near Anaconda. 
The discussion and conclusions presented in this thesis do not necessarily reflect the 
conclusions of ARCO 
The characterization study took place on approximately 3,000 contaminated acres 
(1,215 ha): 1,500 upland acres (607 ha) and 1,500 acres (607 ha) of valley floor. Study 
area boundaries are approximate: the upper study area is the drainage immediately north 
of the Upper Works smelter site of the Old Works area, and the lower study area extends 
east along Warm Springs Creek, including the areas immediately adjacent to it, to the 
bridge at County Road no. 273 (Fig. 1). A plant trial experiment was conducted to 
determine viable plant species for revegetation within the upland area. The results of the 
study provide information for the revegetation of the study site, and adjacent areas that are 
environmentally similar. 
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FIGURE 1 - STUDY LOCATION MAP 
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SECTION 1 - STUDY DESCRIPTION 
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1.0 OBJECTIVES 
The study's main objective was to determine the survival rates of commercially 
available plant species that are appropriate for large scale revegetation on smelter emission 
impacted soils, in the Anaconda, Montana, area. The second objective was to determine 
whether or not a pitted planting technique is superior to non-pitted planting. The third 
objective was to evaluate the effects of site-specific conditions including soil moisture, soil 
metals, soil nutrients, aspect, wildlife, and other factors on species survival. The last 
objective was to determine if non-locally adapted plant stock can be used in revegetation 
efforts at Anaconda. 
2.0 BACKGROUND 
2.1 TOPOGRAPHIC FEATURES 
Anaconda is at the south-west comer of the Deer Lodge Valley north of the 
Anaconda Range and southeast of the Flint Creek Range. Anaconda's elevation is 5,200 
feet (1,586 m), which is near base elevation for the valley floor. Many local mountain 
peaks exceed 9,000 feet (2,745 m), which is the approximate timberline for central 
Montana. The summit of Mount Haggin is 6 miles (9.7 km) to the south-west of 
Anaconda; with an elevation of 10,610 feet (3,236 m) it rises vertically 5,400 feet (1,647 
m) above the town. Stucky Ridge, approximately 6,000 feet (1,830 m), lies immediately 
north of the town. Warm Springs Creek, a perennial stream approximately 30 feet (9.2 m) 
wide, flows through the northern portion of the town site. The study area is located at the 
Old Works and Stucky Ridge north of Warm Springs Creek (Fig. 1). 
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2.2 CLIMATE 
The climate in Anaconda is well documented. Anaconda had one of Montana's 
first U. S. Weather Bureau stations, and Montana's first hourly humidity recordings were 
measured there in 1905 (Gardiner 1993). The study area has a semi-arid climate 
characterized by low precipitation, moderate winds, cold winters and short, cool summers. 
Average annual precipitation is 14 inches (35 cm) with average annual evaporation at 49 
inches (124 cm). About one-third of the average annual rainfall occurs during May and 
June. The average annual temperature is 42 °F (6 °C) with summer daytime temperatures 
ranging fi-om 70 °F (21 °C ) to 90 °F (32 °C). Winter temperatures below 0 °F (-18 °C) 
fi"equently occur for brief periods of time (Tetra Tech 1987). Anaconda's fi"ost fi"ee 
period is approximately ninety days. 
2.3 GEOLOGY 
The upland study area has Miocene sedimentary deposits consisting of tufifaceous 
siltstone and sandstone, beds of carbonaceous material and lignitic coal, and moderately 
indurated conglomerate. Siltstones, sandstones, and coal bed outcroppings have been 
identified on the hill slope above the Upper Works in the vicinity of the upland study site 
(ESE 1991). 
The lower study area is comprised of Quaternary alluvium consisting of silt, sand, 
and boulders deposited by Warm Springs Creek and partly of glacial out-wash deposits. 
Many areas are overlain with tailings, slag, or fill material (ESE 1991). 
2.4 SOILS 
Most soils in the upper study area have an 8 inch (20 cm) surface layer of dark 
brown loam or clay loam. Most sites have a clayey subsoil (Argiborolls) while other soils 
do not (Haploborolls). Subsoils range fi-om clay to sandy loam in texture and most are 
gravelly (15-35% rock content) (Soil Survey Staff 1975). 
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Soils in the lower study area are classified as loamy over sandy-skeletal, mixed 
Typic Haploborolls. The soil has a 4 inch (10 cm) thick grayish brown loam layer on the 
surface. The subsoil is very gravelly sandy loam in the upper layer, and very gravelly 
loamy sand in the lower profile (ESE 1991). 
Soil erosion by wind and water has been severe in the Anaconda area. A 1984 
calculation of soil erosion by the Soil Conservation Service places losses at up to 60 tons 
per acre per year (148 t/ha) (SCS 1984). Annual erosion rates of 24 tons/acre (59 t/ha) 
have been calculated for northern aspect slopes immediately to the south of Anaconda, 
which are more densely vegetated than the study area (Holzworth 1993). Soil loss fi^om 
relatively level surfaces has been calculated at 26 tons/acre (64 metric tons/hector) (Pearce 
1973). Total soil erosion has been estimated at up to 12 inches (30 cm) at some locations 
(Manning 1992), but erosion is highly variable and site-specific. 
3.0 LITERATURE REVIEW 
3.1 SMELTER AND SMELTER EMISSION HISTORY 
During the mid-1870's, the value of copper wire for electrical conduction became 
important due to the increased use of electricity. The first Butte concentrator of copper, 
the Olin, was built in 1876 (Smith 1953). The Anaconda Copper Mining Company was 
formed in 1881, and the need for a large-scale smelter to process the Butte ore was 
realized. Insufficient water forced Anaconda Copper to locate the new smelter 20 miles 
(32.2 km) to the west at Anaconda (Fig. 2). The first copper smelter began operating in 
Anaconda in 1884 (Fig. 3), with a 500 tons/day (508 metric tons/day) capacity that 
produced 36,000,000 pounds (16,344,000 kg) of copper annually (Toole 1959). 
Production capacity doubled within two years. This smelter became known as the Upper 
Works when the Lower Works were constructed in 1888. The combined production 
capacity of the two smelters was 4,000 tons/day (4,068 metric tons/day) (Sanders 1913). 
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FIGURE 3 - PHOTO OF UPPER OLD WORKS IN 1884 
They were known as the Old Works when the Washoe Works replaced them in 1902 
(Fig. 1). At that time, the Old Works, and the Washoe Works, were the largest non-
ferrous metallurgical processing plants in the world (RTI 1985). 
Copper was the primary product of the Anaconda smelters, but other metals were 
produced either as primary products or by-products of the smelting process. Zinc was 
produced intermittently from 1930 to 1969 as a primary product (Munshower 1972). 
Manganese and white arsenic, by-products of primary production, also were marketed. 
Anaconda Copper Company produced phosphate fertilizer during the 1950's and 1960's 
under their own label (Vine 1993). The original production capacity of the Washoe 
Works' was 12,000 tons/day (12,204 metric tons/day). Operations were progressively 
enlarged to a production capacity of 18,000 tons/day (18,306 metric tons/day) during 
World War II (Hansen 1993). The Washoe Works ceased operation in 1980. 
The cumulative emissions from these smelting operations influenced the local 
vegetation. As early as 1885 local newspapers reported that smelter emissions were 
eliminating vegetation in the Anaconda region (Smith 1953). The Old Works recovery 
processes were poor, and large quantities of copper and other metals were lost in the 
smoke. The Old Works stacks were comparatively short, so metal- laiden smoke settled 
to the ground. Surface soil surrounding the smelters became so copper enriched that the 
soil was mined and smelted (Harkins and Swain 1907). Emissions from the 225 foot (68.6 
m) stack of the Washoe Works impacted and eliminated local vegetation. The operation 
was temporarily closed in 1903 after thousands of horses, cattle, and sheep were killed by 
the emissions (Taskey 1972; MacMillan 1973). A new emissions reduction system with a 
300 foot (91.5 m) stack was constructed in 1903. Measurements of these emissions in 
1907 found that 2,070 tons/day (2,105 metric tons/day) of sulfur dioxide (SO2) and 47 
tons/day (48 metric tons/day) of heavy metal particulates were being emitted (Harkins and 
Swain 1907). In 1918 a 585 foot (178.4 m) stack was constructed, and electrostatic 
precipitators were added to reduce particulate emissions during the 1920's. Emissions 
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from the Washoe Smelter were more evenly dispersed by its tall stack. However, local 
topography and temperature inversions caused the emissions to settle in the valley of 
Warm Springs Creek, the town of Anaconda, and the study area (Taskey 1972). During 
the 1970's an acid plant, baghouses, and spray chambers were added to reduce both SO2 
and particulate emissions (Bissell 1982). In 1978 the emissions averaged 700 tons/day 
(712 metric tons/day) SO2 and 30 tons/day (31 metric tons/day) of heavy metal 
particulates (Walsh 1978). 
Sulfur dioxide, arsenic, copper, zinc, lead, and cadmium are common smelter 
emissions that may influence vegetation. Depositional patterns of smelter emissions are 
affected by stack height, local topographic effects, seasonal variation in prevailing air 
currents, variation in the material being emitted, variation in emission residence, and the 
environmental fate of precipitated metals (Little and Martin 1972). Hayward's (1910) 
studies of Anaconda emissions during the early 1900's showed a variety of depositional 
patterns. However, studies of smelter emissions have concluded that in general the 
deposition of metals is inversely correlated with distance from the source. The range of 
impacted vegetation was described in 1910 as extending 19 miles (31 km) north, 12 miles 
(19 km) east, 10 miles (16 km) south, 19 miles (31 km) west and 21 miles (34 km) 
southwest (Peirce and others 1913). In 1915, the U S. Forest Service recorded conifer 
trees dying as far away as 9 miles (15 km) from the smelter, and damage was noted as far 
away as 30 miles (48 km) (Mason 1915). Sixty years later the US. Forest Service 
recorded effects on trees, ecological deterioration, ground cover loss, and soil erosion on 
federal lands from Anaconda emissions (Carlson 1974). The death of lodgepole pine 
(Pinus contortd) and Douglas-fir (Pseudotsuga menziesii) from smelter emissions, as far 4. 
I 
away as 20 miles (32 km), were recorded by researchers during the 1970s (Taskey 1972). 
Other research in the Anaconda region has concluded that heavy metal soil contamination 
from smelter emissions has played a role in the failure of seed germination and seedling 
establishment (Bissell 1982; Webb 1977). 
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Despite an extensive history of environmental impacts, the natural revegetation 
process is underway. The 1980 smelter closure removed the continuous deposition of 
heavy metals and sulfur dioxide. Some researchers noted environmental resilience and 
recovery of vegetation eight years prior to the closure. Taskey (1972) credited emission 
reductions by Anaconda Copper Company for allowing recovery to begin on sites that had 
been so severely impacted that he considered recovery process to be a form of primary 
succession. 
3.2 VEGETATION 
Pre-disturbance forests in the local area have been described as a mosaic of 
Douglas-fir {Pseudotsuga menziesii) and lodgepole pine (Pinus contorta). The 
intermediate slopes, where the upland study site is located, were described as having a 
dominant community of dense shrubs with a scattering of Rocky Mountain juniper 
{Juniperus scopulorum), various pine species, and a few Douglas-fir {Pseudotsuga 
menziesii). Black Cottonwood {Populus trichocarpd) and willow {Salix spp.) 
communities existed in the lower areas (Taskey 1972). 
Post-disturbance forest communities have been influenced by a ninety-six year 
exposure to emissions. The intermediate slopes have scattered limber pine (Pinus flexilis), 
small colonies of aspen {Populus tremuloides), and an open low shrub community (Land 
and Water 1992). Much of the lower study area is devoid of vegetation due to repeated 
mechanical disturbance fi^om smelting operations. Where vegetation exists, the dominate 
woody species are willow {Salix spp.) (ESE 1991). 
Evidence of tree removal by humans and fire exists throughout the Anaconda area. 
Numerous fires swept across the local area. Remains of a large fire-scarred petrified tree 
was discovered during the course of the Study (Tertiary period/Miocene epoch - 5 to 7 
million years ago). Stumps remaining fi-om timber cutting in the 1880's bear numerous fire 
scares. A large fire consumed the vegetative community immediately to the south of 
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Anaconda in 1897 (Hansen 1993). Large quantities of timber were harvested from the 
local area to supply wood for the furnaces of the Old Works smelter. Photographs of the 
hills surrounding Anaconda, as early as 1886, show them deforested. Eventually, all of the 
nearby timber was gone and the smelters switched to coal. 
Although many current investigations concerning metals in vegetation were 
reviewed in preparing this study, no clear answer has been derived to explain the extent 
and long-term implications of the smelter emission contamination in the Anaconda area. 
Elevated levels of metals in the soil are widespread, and are present in plant tissues. 
(Bissell 1982; Munshower 1977; Walsh 1978; Webb 1977). Researchers have noted that 
metals levels at Anaconda are great enough to impair seed germination, seedling 
establishment, and new root and shoot growth as well as affecting mature and well 
established plants (Buchauer 1973; Bissell 1982). 
Soils containing relatively high levels of extractable arsenic, copper, lead, zinc, and 
cadmium have been documented at Anaconda by many researchers (Hartman 1975). 
Hartman's experiments at Anaconda concluded that the soil fungal community was 
severely lacking in species abundance, diversity, and propagule production. Hartman 
discovered that metals at Anaconda were reacting synergistically, and found an absence of 
mycorrhizale conifer roots in the area. Previous researchs in the Anaconda area have 
noted that metal levels may be high enough to affect the decomposer community 
(Freedman and Hutchinson 1980; Hartman 1975). Low decomposition rates may affect 
nutrient availability by reducing nutrient cycling processes. 
Problems associated with metals concentration decrease the revegetation potential 
of contaminated soils. Decreases in soil fertility, effective rooting depths, and soil water-
holding capacity have led some researchers to conclude that the affected soils will remain 
barren for an extended time (Amiro and Courtin 1981; Johnson and others 1975; Jordon 
and Lechavalier 1975). 
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Photos and drawings from early Anaconda indicate that the study area's vegetation 
was affected by smelter emissions, other smelter related activities, and timber harvesting. 
Figure 4 shows the hillsides immediately to the north of the Upper Old Works Smeher site 
in 1992. The photos in Figure 4 and Figure 3, which is a 1884 photo, are taken from the 
same location. A comparison of the two photos reveals the vegetative loss in the area. 
Early 1880's drawings of the Anaconda area (Fig. 5) also disclose the vegetative history of 
the area. 
Despite the influences of smelter operations, an overview of the Anaconda area 
gives reason for optimism. The 1980 smelter closure removed the continuous deposition 
of heavy metals and sulfur dioxide. Local residents report remarkable natural revegetation 
and cite the dense quaking aspen {Populus tremuloides) communities to the south of 
Anaconda as evidence (Hansen 1993; Vine 1993). Taskey (1972) noted environmental 
resilience and a recovery processes after sulfur dioxide emissions were reduced eight years 
before the smelter closure. 
Heavily watered trees in the town of Anaconda have survived and even thrived. 
Large Colorado blue spruce {Picea pungens), approximately ninety years old, surround 
the Deer Lodge County court house. An American chestnut tree {Castanea dentata) that 
was planted by Marcus Daly, the major personage in the initial development of the 
Anaconda Copper Company, has thrived since the last century. Giant 100-year-old black 
cottonwoods {Populus trichocarpa) shade a house that was built for Daly's sister in 1889 
(Hansen 1993). Photos of the Anaconda region, taken over the years of smelter 
operation, confirm that limited recovery has occurred. 
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FIGURE 4 
FIGURE 5 - DRAWING OF ANACONDA IN EARLY 1880s 
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3.3 PAST REVEGETATION ATTEMPTS 
Taskey (1972) erroneously reported that none of the early revegetation attempts 
were successful. Although some planting efforts have failed, many plant communities on 
smelter emission impacted soils at Anaconda have vegetative components that were 
introduced through planting efforts. Virtually all of the vegetation in the town of 
Anaconda was planted, and some of the trees are over one-hundred years old. 
Anaconda Copper Company undertook a major revegetation program during the 
late 1950's and early 1960's. Very few records of that revegetation effort still exist. 
Under the direction of Anaconda Copper Company's Research Engineer, Leonard Eliason, 
approximately 250,000 trees were planted on sites that had been impacted by smelter 
emissions. Planting was performed by Anaconda Copper Company personnel, and the 
majority of the plant stock was obtained as surplus stock from the State Forest Nursery at 
Missoula, Montana (Eliason 1993). 
Eliason stated that pine (Pinus spp.) and Douglas-fir (Pseudotsuga menziesii) 
often totally failed, even when planted in favorable micro sites. Today, scattered survivors 
of these attempts can be observed. The few lone Douglas-fir that can be found on the east 
side of smelter hill (the hill beneath the Washoe stack) are probably survivors of these 
plantings. A large stand of approximately 35-year-old lodgepole {Pinus contorta) and 
ponderosa pine (Pinusponderosa) to the south of Anaconda (adjacent to the cemetery) 
are evidence of good survival by some of the planted pine species. Mixed conifer stands 
surveyed several years afl:er planting had a 53 percent survival rate (Eliason 1961). 
Eliason's survival monitoring calculated an overall survival of 62 percent, approximately 
155,000 trees, after four years. 
Deciduous species planted in the Company program included poplars {Populus 
spp.), quaking aspen (Populus tremuloides), willow (Salix spp.), American elm (Ulmus 
americand) and Russian olive (Eleagnus angustifolid). Rows of mature and reproducing 
Russian olive, near the eastern border of the lower study area, and that are visible from 
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County Road no. 274, were part of the revegetation project. Some quaking aspen were 
successfully established by transplanting root sections. Experiments with a variety of fruit 
trees were also successful (Eliason 1993). 
After the early 1960's, the Anaconda Copper Company's revegetation emphasis 
shifted away from woody species to grassland reclamation of tailings and pond areas. A 
few willow iSalix spp.) and horizontal juniper {Juniperus horizontalis) were planted 
during the early 1980's in these areas (Gordon 1993). 
In 1985, and continuing through 1992, a cooperative program between Anaconda-
Deer Lodge County, the U. S. Soil Conservation Service (SCS), and the Montana 
Department of Natural Resources and Conservation (DNRC) revegetated 548.5 acres 
(222 ha) of hill sides immediately south of Anaconda. A total of 191,430 trees were 
planted and overall survival has been 64 percent (Manning 1992, Andreozzi 1993). 
Planting stock for the Anaconda-Deer Lodge County program was flimished by 
the State Forest Nursery in Missoula. Plant stock was from Anaconda seed sources. 
Species planted included 108,600 lodgepole pine (Pinus contorta), 66,730 Douglas-fir 
(Pseudotsuga menziesii), 13,000 ponderosa pine (Pinusponderosa), 1,900 limber pine 
(Pinus flexilus), 500 Rocky Mountain juniper (Juniperus scopulorum), 200 Colorado blue 
spruce (Pinuspungens), and 500 miscellaneous shrubs. Survival rates were frequently 
assessed as groups of species, but lodgepole pine had overall survivorship of 66 percent, 
Douglas-fir had a survival rate of 68 percent, and limber pine had a 56 percent survival 
rate. Plant stock was a combination of 1-year-old containerized stock and 2-year-old 
bare-root seedlings, with higher survival rates using containerized plants. About half the 
sites planted were pre-treated with the herbicide clopyralid (Lontrel ®, Reclaim ® -
Phenoxy-picolinic) to eliminate weed competition, and about half the seedlings were 
treated with an animal repellent. 
Overall planting-shock mortality was estimated at under 10 percent, but over­
winter survival was low with an overall mortality estimated at 30 percent of the pre-winter 
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population. Desiccation was cited as the cause for over-winter death, and was linked to 
exposed sites. Variation in survival rates on a yearly basis was great, and ranged from a 
low of 54 percent to a high of 81 percent. 
Seed planting experiments were also conducted by the Anaconda-Deer Lodge 
County program. Lodgepole and limber pine seeds that were broadcast without a soil 
surface treatment did not germinate. However, a 30 to 50 percent germination success 
was noted with Douglas-fir, lodgepole, and limber pine when seeds were planted in the 
soil (Manning 1993; Andreozzi 1993). 
Another Anaconda-Deer Lodge County program has planted 51,551 shrubs on 83 
acres (34 ha) of hill slope south of Anaconda. Many of these plants were treated with an 
animal repellent, were watered at the time of planting, and a fertilizer tablet was included 
in the planting treatment. Survival rates were so low, due to harsh planting sites, that 40 
acres (16 ha) had to be replanted. Species planted include wood rose (Rosa woodsii), 
horizontal juniper {Juniperus horizontalis), drummond willow (Salix drummondiana), 
quaking aspen (Populus tremuloides), common chokecherry (Prums virginiana), red-
osier dogwood (Cornus stoloniferd), buffalo berry (Ribes odoratum), and Rocky 
Mountain maple {Acer glabrum) (Andreozzi 1993). 
Grass revegetation under a Anaconda-Deer Lodge County program has been 
accomplished on approximately 115 acres (47 ha) by amending the soil with lime and 
using wood fiber blankets to control soil movement. An additional 31 acres (13 ha) have 
been planted with approximately 28,000 trees by volunteer groups such as Kiwanis Club, 
local school children, and the Boy Scouts of America. No specific records of these 
plantings are available (Manning 1993; Andreozzi 1993). 
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3.4 EFFECTS OF EMISSIONS ON PLANTS 
Ann Pengelly Webb conducted contaminated soil experiments on Anaconda 
vegetation at a cellular level, and discovered metal influences on plant tissues. Metal 
stress on plant populations resulted in adaptive competitive advantages for some species, 
and changes in plant community composition (Webb 1977). Other current Anaconda 
studies have determined the detrimental effects of metals on vegetation (Walsh 1984; 
Bissell 1982). Metals, in concentrations that exist in the area of emission deposition 
surrounding Anaconda, have been reported as being a severe and overriding selective 
force on plant communities (Allen and Sheppard 1971; Briggs 1976; Webb 1977). 
Metals that are translocated in plants, or in some cases gain entry through foliar 
absorption, chemically or mechanically damage membranes, especially of the plasmalemma 
and protoplast (Lisk 1972; Gross and others 1970). Proteins are disrupted affecting 
membrane structure and en2yme functions within cells (Bryan 1971; Dragun and others 
1976). Copper crystals in the mitochondrial matrix have been observed (Bubel 1976), and 
lead accumulation in nuclei can occur (Ophus and Gullvag 1974). Webb's Anaconda 
greenhouse experiments disclosed affected cells in roots from a 1.0 ppm copper solution. 
No organelles other than nuclei had developed in some cells, and dense granular deposits 
accumulated along the plasmalemma and cell wall of others. Webb's 5 .0 and 10.0 ppm 
copper solution treatments contorted cell walls, disrupted nuclear envelopes, fragmented 
plasmalemma and tonoplast, and dispersed cytoplasm (Webb 1977). 
Webb also reported on the effects of copper on plant structure. Roots of Great 
Basin wild rye {Elymus cinereus) grown with 1 0 ppm copper solution were abnormal, 
and developed stunted club-like projections. At 10 ppm copper the roots ceased to grow. 
Shoots and leaves were also affected with massive cellular damage. Webb noted crystal 
structures in the xylem. Other researchers have recorded copper damage to xylem vessels 
resulting in vessel collapse or occlusion (Brams and Fiskell 1971; Struckmeyer and others 
1969). Lead crystals have been similarly noted (Malone and others 1974). Trees along 
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Warm Springs Creek and in the town of Anaconda may be able to partially resist xylem 
damage due to a favorable water environment. Odd limbs on these specimens die, which 
explains staggered limb death as opposed to the death of plant extremities as is commonly 
found in water stressed plants. 
Metals can cause plant stress by depressing photosynthesis and respiration (Gibson 
1972; McBrien and Hassall 1967). Other plant and plant population functions can be 
interfered with. Various metals interfere with plant reproduction. A researcher has noted 
that metals levels at Anaconda are high enough to impair seed germination (Buchauer 
1973). However, numerous germination experiments have found that most seeds will 
germinate in metal-tolerance trials (Bradshaw 1976). Experiments on fledgling seedling 
establishment report that copper damages roots in low concentration, and zinc reacts 
similarly in somewhat higher concentrations (Wu and Antonovics 1975). 
3.5 WILDLIFE 
Originally the upper Deer Lodge Valley was diverse in wildlife common to 
Southwestern Montana as well as some Great Plains species including American bison 
(Bison bison) (Stuart 1925). Today many of these species exist only in small populations 
or are absent. 
Mule deer (Odocoileus hemionus) and white-tailed deer (Odocoileus virginianus) 
are present as well as a number of small rodent species (RTI 1985). Evidence of elk 
(Cervus elaphus), moose (Alces alces shirasi), and black bear (Ursus americanus) have 
been noted. Brook trout (Salvelinus fontinalis), brown trout (Salmo trutta), and cutthroat 
trout (Salmo clarki) are present in Warm Springs Creek (Hadley 1992). Ravens (Corvus 
corax) and small non-game birds have been observed in the area. 
Wildlife can damage plants in revegetation programs. Rodents have become a 
problem in large-scale forest restocking programs, and rodent populations normally 
increase with increased disturbance (Norris 1950). Pocket gophers (Thomomys talpoids) 
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have been noted in the Anaconda area. Pocket gophers not only damage plant seedlings, 
but have disturbed soil amendments at Anaconda grassland revegetation programs 
(Keammerer 1992). Grass establishment in open pine stands is delayed until the trees are 
3 feet (90 cm) high to avoid seedling damage by mice at Bunker Hill, Idaho (Pommerening 
1993). The ponderosa pine seedlings at Western Energy's Rosebud Mine reclamation 
project came under attack by mice during the harsh winter of 1992-1993. The mouse 
population was reduced with traps, livestock were grazed in the plantation to eliminate 
mouse cover, and nesting boxes were provided for sparrow hawk (Falco sparverius), a 
major mouse predator in the area (Schwarzkoph 1993). 
Porcupine {Erethizon dorsatum) are present in the study area. However, generally 
porcupine are not a threat to seedlings. The U. S. Forest Service has not experienced 
porcupine damage to trees until they are over 15 feet (4.5m) high, and then the damage is 
limited to the top of the crown (Laird 1993). Reclamation plantings of ponderosa pine at 
Coalstrip, Montana, have come under porcupine attack. However, these trees were at 
least 3 feet (90 cm) tall and damage was not fatal (Schwarzkoph 1993). Ponderosa pine 
and lodgepole pine at the Bunker Hill Mine project are not subject to porcupine attack 
until they are nine years old (Pommerening 1993). Ponderosa and lodgepole pine that 
were planted in the 1950's Anaconda Company revegetation project have not been 
attacked by porcupine. 
Deer have been reported to eat young seedling in revegetation programs, and the 
Anaconda-Deer Lodge County revegetation program suffered seedling losses to deer. 
After continuing problems despite the use of coyote urine repellent, the County program 
was able to control the losses by using a commercial repellent [0.65% Benzyldiethl (2,6 
xylyl carbomoyl) methyl], with repeated appUcations for the first two years of 
establishment (Manning 1992). The Bunker Hill Mine reclamation program in Idaho has 
had problems with deer feeding on ponderosa pine seedlings, but damage was not fatal 
(Pommerening 1993). 
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3.6 CULTURAL RESOURCES 
Anaconda's history is inseparable from the history of Montana, United States and 
the world. In 1985 the Old Works region, approximately 550 acres (223 ha), was 
nominated for inclusion in the National Register of Historic Places (NRHP) as the 
"Anaconda Old Works Historic District". The Old Works are eligible for the NRHP 
nomination process because of their local and international historic significance. Many of 
the nation's leading metallurgists worked in Anaconda, and many innovations in copper 
processing were developed at the Old Works during the nineteenth and twentieth centuries 
(GCM 1989). Frank Klepko developed the multiple hearth roaster at Anaconda during 
the early 1900's. Otto Stahlman adapted Grerman smelting technologies at Anaconda prior 
to World War II (Vine 1993). Anaconda Copper developed economies of scale with large 
size reverberatory furnaces and electrolytic refining of zinc (RTI 1985). 
The people of Anaconda and Montana are tied to the history of the Butte mines 
and the Anaconda smelters. Copper production from this region was one of the largest 
forces forming and dominating economic, political, and societal development in Montana 
(Tolle 1959). Men forged the largest industrial complex in the world on the frontier of 
Montana. As the role of women in industry changed in Anaconda during World War II, 
so did the role of women in America (Vine 1989). 
Few of the artifacts of the copper smelting heritage remain. Washoe's smoke stack 
remains intact and is preserved as a Montana state park. The 585 foot (178m) stack, 
which was constructed in 1918, is the tallest free-standing masonry structure in the world 
(RTI 1985). 
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4.0 STUDY METHODS 
4.1 UPPER AREA STUDY 
4.1.1 Site Selection 
A study area was selected that is representative of the upland areas that have been 
affected by smelter emissions. A 1,500 acre (607 ha) drainage directly to the north of the 
Upper Works of the Old Works was selected (Fig. 1). This area was selected to insure 
that the study would take place on soils that have been heavily impacted by the emissions, 
with comparatively steep slopes and southern exposures. Therefore, the resuhs of the 
study can be used on other sites that have been less heavily impacted by emissions. Study 
sites were selected based on prior soil sampling in the area, and low vegetation coverage 
on specific sites. 
The study area was located immediately up-slope from the original smelter (Upper 
Works of the Old Works) and received heavy emissions from Flue #5 and Flue #6 which 
are in the study area. The stacks at the upper end of these flues were short and did not 
disperse the emissions into the prevailing wind. Consequently, the areas close to the 
stacks were denuded as the emissions settled. Upper Works processing of ore was 
comparatively poor, and large quantities of heavy metals were lost in the emissions 
(Harkins and Swain 1907). The study area also received emissions from the stacks of 
Flues #2, #3, #4 of the Lower Works, located approximately three-fourths of a mile (1.2 
km) to the east, and from Flue #1, about one mile (16 km) to the east. Long term 
emissions also were received from the Washoe Smelter. Washoe's stack is located about 
three miles (4 .8 km) southeast of the study area. 
Exponential decline in metal concentration in soils and vegetation can be 
expected as distance increases (Hutchinson and Whitby 1974; Wood and Nash 1976; 
Freedman and Hutchinson 1980; Munshower 1977). Therefore, it can be expected that 
the selected study site is typical of the sites at Anaconda most affected by metals. 
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Initial reconnaissance of the study site indicated the presence of vegetation stress 
factors, such as denuded sites and soil erosion. The only site in the Anaconda vicinity that 
appears more affected is immediately beneath the Washoe stack. 
Ernst and others (1974) noted that cumulative stresses are important in 
determining the availability and toxicity of metals to plants. The study site selected was 
representative of sites that have the most unfavorable natural environment for vegetation. 
The study site is predominantly a south aspect with increased solar and wind exposure, 
higher evapotranspiration rates, lower soil moisture, less natural vegetation, and an 
accompanying lack of soil development when compared to north aspect sites. 
4.1.2 General Site Characterization 
The revegetation study was conducted over a two year period. A literature search 
of past vegetation and revegetation attempts was included. The study area was inventoried 
to identify soil and vegetation constituents. A comprehensive plant list of plants at the 
study site was developed (Appendix E). Soil moisture was measured on a monthly basis 
(twice a month during the growing season) at five test sites (neutron probe monitoring 
tubes) at the planting trial plots (Fig. 6). Soil chemical analysis was conducted the first 
year (Fig. 6), and plant chemical analysis was conducted both years of the study. Weather 
data was collected fi^om existing weather stations, and rainfall was measured during the 
growing season fi^om an on-site rain gauge. 
4.1.3 Planting Trials 
The results of the planting trials can be used as an aid in determining which species 
and planting treatments will give the greatest survivorship across the varied topography of 
the study area. The size of the trial was based on the researchers' experience, practical 
workability, and cost constraints. 
Within the study area, two study sites were chosen for planting trials (Fig. 1). 
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FIGURE 6 - SOIL MONITORING LOCATIONS 
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Soil moisture monitoring location #SE-3 is not shown. SE-3 lies approximately 100 feet 
(30 m) to the north of #SE-2. 
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The two sites are directly across the drainage from one another: a southeast aspect site 
(SE) and a southwest aspect site (SW). Site selection was based on degrees of emission 
exposure as well as aspect variables. The SW site is up-slope from Upper Works Flue #5 
by approximately 200 feet (61 m) and is located to the northeast at a distance of 
approximately 3,000 feet (915 m). The SE site is 500 feet (153 m) north of the 
decommissioned stack of Flue #5, and is somewhat below the stack elevation. Both sites 
received heavy emissions from the stack of Flue #6 which is located on the western 
boundary of the study area. 
Each site was divided into forty plots. The plots were assigned any of ten test 
plant species at random. Species selection was based on species already existing within 
the study area, existing in areas adjacent to the study area, reported to have historically 
existed in the area, and species that are well suited for reclamation purposes that have 
shown good past performance in western Montana reclamation projects. The selected 
species also had to be readily available from commercial nurseries in the region in 
sufficient quantities so that large-scale restocking can be accomplished using similar stock. 
The selected species and their six-letter abbreviations are listed in Figure 7. 
All of the deciduous species (PRUVIR, ROSWOO, POPTRE, SYMALB) were 
currently present in the communities of the study area. Three conifer species were present 
(JUNSCO, PINFLE, PSEMEN), and two were found in adjacent areas (PINCON and 
PINPON). It is believed that ponderosa pine (PINPON) was present in the study area at 
one time. Engelman spruce (PICENG) was selected because of its good potential as a 
reclamation species in this area (Button 1993). 
Each plant species was planted by two different methods: those in pits (p) and no 
pit (n). The no pit treatment were plantings on the surface with no attempt to alter the 
surface to the plant's advantage. Pit treatment involved planting the species in a small 
depression with a organic material added to aid in moisture retention. 
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PINPON-p PSEMEN -p PRUVIR-n POPTRE -n SYMALB-p PINPON-p JUNSCO -n PSEMEN-p 
PINCON-n PICENG-n PINFLE-p ROSWOO -p POPTRE -p PINCON -n PICENG-p PSEMEN-n 
no plants ROSWOO -n SYMALB-p PINFLE-n PINFLE -n ROSWOO -p PRUVIR-p SYMALB-n 
PINPON -n PINCON -p JUNSCO -p PICENG -p PINPON -n ROSWOO -n no plants JUNSCO -p 
SYMALB-n PRUVIR -p PSEMEN-n JUNSCO -n PINFLE-p PINCON -p PRUVIR -n PICENG -n 
- PLOT LAYOUT BY SPECIES AND PLANTING METHOD 
PSEMEN -p PSEMEN -n SYMALB-n JUNSCO -p PRUVIR -n JUNSCO -n PSEMEN -p no plants 
PRUVIR-p no plants PRUVIR-n PICENG-n PICENG-p PICENG -n ROSWOO -n PINCON-n 
PINCON-n PINPON -p ROSWOO -n ROSWOO -p SYMALB-p PINFLE-p PINFLE-n PINPON-p 
PINFLE -n PINPON -n PINFLE-p PINCON -p JUNSCO -p ROSWOO -p PINCON-p SYMALB-n 
PICENG-p JUNSCO -n SYMALB-p POPTRE -p PSEMEN-n POPTRE -n PRUVIR -p PINPON-n 
SOUTHEAST SITE 
SOUTHWEST SITE 
p = planted in pit 
n = not in pit 
$|c :|c He 
Twenty-five plants of each species 
in each plot (5x5). 
species x 
CONIFERS 
(PINFLE) ~ Limber Pine Pinus flexilus 
(PINCON) ~ Lodgepole Pine Pinus contorta 
(PINPON) ~ Ponderosa Pine Pinus ponderosa 
(PSEMEN) ~ Douglas-fir Pseudotsuga menziesii 
(PICENG) ~ Engelman Spruce Picea engelmannii 
(JUNSCO) ~ Rocky Mountain Juniper Juniperus scopulorum 
DECIDUOUS 
(ROSWOO) ~ Woods Rose Rosa woodsii 
(POPTRE) ~ Quaking Aspen Populus tremuloides 
(PRUVIR) ~ Common Chokecherry Prunus vireiniana 
(SYMALB) — Common Snowberry Svmphoricarpus albus 
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Within each plot there were twenty-five individual plants of a species with each planted in 
the same manner. Each species was represented by one-hundred plants at each site, with 
two 25 plant plots using pit treatment and two 25 plant plots having non-pitted plants 
(Fig. 7). 
Bitterroot Native Growers of Stevensville, Montana, supplied the stock and 
planted the site. Bitterroot Native Growers produce stock that are genetically adapted to 
the region and approximate wild stock. Eighteen-hundred plants were required. Aspen 
{Populus tremuloides) is limited to one 25 plant plot using pit treatment and one 25 plant 
plot having non-pitted plants for the SW and SE sites. Planting took place in May, 1992. 
Planting was by production techniques so that planter bias would not afifect survivorship. 
Planters used hoe-dads (planting hoes) and followed production schedules. 
All species were one-year-old 10 cubic inch containerized nursery plants 
(equivalent to the U.S. Forest Service classification "2-0"). Plants were set vertically in 
the ground (as opposed to slit planting) to a depth equal to the container crown, and were 
lightly compacted with the hoe-dad. All plants were treated with a deer repellent and all 
the roots of coniferous plants were given an inoculation of mycorrhizale fiingi. 
The deer repellent used was Deer Away © produced by Integra of Minneapolis, 
Minnesota; a product based on putrefied egg solids suspended in a latex carrier. The 
length of its effectiveness varies with rainfall which washes it off. It is generally thought 
of as effective in repelling deer {Odocoileus spp.) and elk {Cervus canadensis) for two to 
three months. Deer Away © is not effective against porcupine (Erethizon dorsatum) and 
rodents that may attack conifer seedlings (Ballek 1993). 
The mycorrhizal inoculate was commercial rhizopogon produced by Forest 
Apphcations of Grrants Pass, Oregon. The product is mixed in water and applied during 
plant watering. The treatment of coniferous species with an inoculate of mycorrhizal 
fungi is standard procedure to insure adequate nutrient uptake. Mycorrhiza increase the 
ability of conifer roots to absorb nutrients and to resist pathogens (Voigt 1971). 
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The planting trials were evaluated between May 1992 to September 1993. A 
leveling off of mortality trends during the second growing season indicates that the length 
of the trials was sufficient. Assessments of survival from revegetation programs in the 
region use similar time periods. The Anaconda-Deer Lodge County revegetation program 
used one year figures for establishment (Andreozzi 1993). The U.S. Forest Service uses 
an evaluation fi^om the third growing season to certify establishment (Laird 1993). Mine 
site revegetation is considered established during the third growing season at Coalstrip 
(Schwarzkoph 1993). Bunker Hill, Idaho, uses a two growing season establishment figure 
(Pommerening 1993). 
Monitoring of the planting trials took place twice monthly during the growing 
season for two growing seasons (1992-1993), and through the intervening winter season. 
Plant mortality was recorded and compared with environmental data to aid in determining 
the cause of death. Determination of causes of plant mortality was not a study goal, but 
mortality assessment can aid in formulating the survivor-based revegetation prescription. 
Plant survival rates were calculated as a percentage of the total plot population for each 
plot. Additionally, individual plants were given a plant vigor rating. 
Plant vigor ratings are subjective ratings that describe the percent of an individual 
plant's live crown in relation to what is observed to be the normal (100 percent) crown 
size for the stock of the species planted. Ratings were assigned in 25 percent increments. 
The vigor rating is an aid in explaining individual plant health declines, and when averaged 
for an entire plot population is a descriptive tool that can be used with survival rates in 
describing plant population health. 
4.1.4 Soil Moisture Monitoring Procedures 
The neutron probe used in soil moisture monitoring was a Cambell Pacific Nuclear 
Inc. model # 503 This device emits and measures radiation reflected off of the hydrogen 
(H) present in water (H2O). Standard calibration procedures were used to minimize 
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instrumental variations. An average count was determined during each monitoring session, 
and radiation measurements were calculated as a ratio between the average count and the 
radiation return reading. To determine relative values, radiation measurements were compared 
to the actual, gravimetrically determined, soil moisture. The comparison allowed soil moisture 
contents to be determined from the radiation return measurement ratio. 
4.1.5 Methods Of Climatologic Observations 
Climatic information was gathered from the United States Weather Forecast Office, the 
United States Department of CommCTce's Environmental Data Service and other local sources 
to characterize the past and current climatic condition. Site-specific weather data was limited 
to recording approximate weather conditions on the plant trial monitoring dates, and measuring 
rainfall between plant trial monitoring dates with an on-site rain gauge. The rain gauge was 
located at the wind-sheltered SE plant trial site. No rain gauge was located at the SW site 
because of potential measurement distortions caused by high winds. 
4.2 LOWER AREA STUDY 
A study area was selected that is representative of valley floor topography that has been 
affected by the smelter emissions. The study area was the riparian zone of Warm Springs 
Creek from the Upper Works to a point adjacent to the Washoe Smelter. This 
area was influenced by emissions from the Old Works and Washoe smelters ass well as by 
construction traffic, flooding, and other factors. A literature search of past vegetation 
documentation and revegetation attempts was made. The study area was surveyed to determine 
its overall soil and vegetation constituents. A comprehensive plant list was developed 
(Appendix E). No planting trials were conducted in the lower study area. 
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4.3 CHEMICAL ANALYSIS OF VEGETATION AND SOIL 
Vegetation and soil samples from the upper study area were collected and 
analyzed as an aid in explaining the differences in survival rates in the planting trials. 
4.3.1 Vegetation Sampling 
COLLECTION PROCEDURES FOR PLANTING TRIALS 
Only leaf material was sampled. Dead plant samples included all leaves that 
were still attached to the plant. Live leaves were sampled in compliance with a 
sampling prescription: 
1) Sampled leaves are of current years growth. 
2) No more than fifty percent of the photosynthetic leaves were taken from 
individual deciduous plants. A higher percentage of leaves were sampled 
from plants that were in seasonal dormancy. 
3) Conifer leaves were sampled from no more than fifty percent of the side 
branches on an individual plant. Terminal leaders were not sampled. 
All ten species were sampled. Each species was sampled in eight different groupings: 
1) SE Site live individuals with a "pit" planting treatment. 
2) SE Site live individuals with "non-pit" planting. 
3) SE Site dead individuals with a "pit" planting treatment. 
4) SE Site dead individuals with "non-pit" planting. 
5) SW Site live individuals with a "pit" planting treatment. 
6) SW Site live individuals with "non-pit" planting. 
7) SW Site dead individuals with a "pit" planting treatment. 
8) SW Site dead individuals with "non-pit" planting. 
All individuals of each species were sampled with the following exceptions: 
1) The individual did not possess tissue which met the sampling prescription. 
2) The individual had died and did not possess leaves on its stem. 
3) The individual was in failing health (< 50% crown life). 
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Not all plots of each species were sampled: 
1) All plots of some species were sampled to provide sufficient amounts of 
material for live tissue analysis. No unsampled control plots were 
established for these species. These species are: 
CONIFERS DECIDUOUS 
PINENG PSEMEN JUNSCO ROSWOO SYMALB POPTRE 
2) Unsampled control plots were established for species that provided adequate 
amounts of tissue from other plots. These species are: 
CONIFERS DECIDUOUS 
PINCON PINPON PINFLE PRUVIR 
Plot sampling design is illustrated in Figure 8. Survival rates between sampled and control 
plots were compared after the begiiming of the 1993 growing season. 
COLLECTION PROCEDURES FOR WILD PLANT SPECIES 
Eight species of wild occurring plants were sampled. Each species was divided into 
two groups with the exception of two species: 
1) Sample set from SE aspects. 
2) Sample set from SW aspects. 
3) One species was not aspect sampled as its occurrence is on a zero aspect. 
4) One sample set was repeated on the same aspect with two different 
phenotypes of the same species. 
A sampling set included samples from three or more individuals of each species. 
Sampling was not limited to leaf material, but depending on species, ranged from 
simple leaf samples through a variety of living and dead samples: 
1) Mature plant leaves. 
2) Leaves from rhizome sprouts. 
3) Live stems from current year. 
4) Recent dead stems. 
5) Old dead stems. 
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FIGURE 8 - PLANT TRIALS VEGETATION SAMPLING DESIGN 
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Each plot contains twenty-five plants. 
sample ~ ALL PLANTS IN PLOT SAMPLED. 
CONTROL — NO PLANTS IN PLOT SAMPLED 
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VEGETATION SAMPLING TECHNIQUES 
The plant samples were collected on September 11 and 12, 1992. All samples 
were collected by the same sampler for consistency. Every reasonable effort was made 
for uniformity in sampling. Sampling procedure prescriptions were rigorously 
followed to minimize adverse impacts to planting trials plants. Selected plantings were 
again sampled on September 2, 1993, after the second growing season. 
Leaves were carefully pulled from the stems. Plant stems were held during leaf 
removal to minimize the potential for damage to stems or roots. Leader tips were 
clipped from two species (PICENG and JUNSCO). Every reasonable effort was made 
to avoid soil contamination of plant samples. Soil that was visible on the plant was 
removed. Leaves were only collected from the plant; no leaves were taken off the 
ground. 
Samples were placed in brown paper sampling bags which were then sealed with 
owl-clip closures. Pencil labeling of sample bags was used to avoid ink bleed-through 
contamination. An ink label number series was later assigned for permanency. 
Sample bags were unsealed within thirty-six hours and the samples were air 
dried to prevent possible deterioration. Each sample was subsequently force dried at 
95 °F (35 °C) to less than 1 percent difference in weight between successive weightings 
at 0.5 hours apart. Samples were shipped directly from the sampler to the analyzing 
laboratory. Energy Laboratories of Billings, Montana. 
4.3.2 Soil Sampling 
PROCEDURES FOR SOIL COLLECTION 
Soil samples were taken from six locations within the planting trial plots on 
September 11, 1992. Three sample locations were placed in the SE site, and three in 
the SW site. The sampling sites were located within the planting trials: 1) at the south 
end, 
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2) at the north end, and 3) central (Fig. 6). Each sample location was sampled at 2 
inches (5 cm) and again at 8 inches (20 cm). A total of twelve samples were taken, 
with two samples from each location, and three locations for each of the two planting 
trials plot sites (Table 1). 
TABLE 1 - SOIL SAMPLES 
SAMPLE DATE SITE LOCAHON DEPTH 
#S 1 11/13/92 SE NORTH 2" 
# S 2  11/13/92 SE NORTH 8" 
# S 3  11/13/92 SE CENTER 2" 
# S 4  11/13/92 SE CENTER 8" 
# S 5  11/13/92 SE SOUTH T 
# S 6  11/13/92 SE SOUTH 8" 
# S 7  11/13/92 SW NORTH 2" 
# S 8  11/13/92 SW NORTH 8" 
# S 9  11/13/92 SW CENTER 2" 
#S 10 11/13/92 SW CENTER 8" 
#S 11 11/13/92 SW SOUTH 2" 
#S 12 11/13/92 SW SOUTH 8" 
SAMPLING TECHNIQUES 
Soil pits were dug with a steel shovel. Pit dimensions were approximately 12 inches 
(31 cm) to the side and 12 inches (31 cm) deep. The sampling points within the pit 
were then widened by approximately 1 inch (3 cm) with a stainless steel trowel to 
remove any metals contamination caused by the steel shovel. 
Soil samples were taken using the stainless steel trowel. The trowel was 
decontaminated between samples to avoid cross contamination. Decontamination was 
accomplished by washing with soap, flushing with a 0.1 normal hydrochloric acid 
solution, and rinsing with distilled water. 
Sampling depths were measured using a steel ruler. Sample material was taken 
from a distance of 1 inch (3 cm) above to 1 inch (3 cm) below the measured depth. The 
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samples were placed into 8 fluid ounce (0.24 liter) glass jars that were certified by the 
testing laboratory to be free of metals contaminants. Each jar was sealed and labeled 
with the sampling location and depth before the next sample was taken. Each sample 
was assigned a control number that was marked on the sample jar with indelible ink. 
Soil samples were stored under refrigeration until they were shipped to the 
analyzing laboratory. Samples were shipped directly from the sampler to Energy 
Laboratories. 
4.4 STUDY INTERPRETATION AND CONCLUSIONS 
The study is a combination of field experiment and observation which can be used 
to develop a practical revegetation prescription. The planting trials experiment design was 
"randomized complete block". "Block" refers to multiple trial sites that are subjectively 
located. A southeast (SE) aspect block, and a southwest (SW) aspect block were used in 
this experiment. "Complete" means that all treatments exist in each block. Treatment is 
the combination of "factors" used in an "experimental unit." The factors were planting 
method and species. The experiment had two planting method levels, pit and no pit, and 
there were ten species levels. One experimental unit, which contained twenty-five plants, 
was the combination of each species with one of the two planting methods, giving twenty 
treatments in each block. "Randomized" refers to the random selection of the 
experimental unit locations within each block. Assessment of survival results used analysis 
of variance (ANOVA), and the null hypotheses under test were: 
1) There are no differences between species (ten species). 
2) There are no differences between planting techniques (pit vs. no pit). 
3) There are no differences between planting trial sites (SW vs. SE). 
4) There are no differences between species within each planting technique. 
5) There are no differences between species within each planting trial site. 
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Many naturally occurring variables could aflfect survival differences of plants in the 
experiment. Control of these factors may be possible given the small physical size of the 
experiment, but would be undesirable as the controls could not be established in large 
scale revegetation efforts. For instance, fencing could be used to exclude wildlife fi^om the 
experimental plot, but would be impractical as a control for revegetation programs. Some 
factors that could potentially affect plant survival differences that were controlled are: 
1) Human disturbance - control through locked gates and trespass postings. 
2) Specific wildlife damage - deer repellent to protect seedlings. 
3) Planting bias in test plots - control through simulated production technique. 
4) Nutrient availability - conifer species were given an inoculate of mycorrhizale 
fungi to insure adequate nutrient uptake. 
Plant trial results were combined with knowledge acquired through research into 
past and present vegetation communities, other revegetation efforts, soil types and 
distributions, precipitation distribution, and site specific plant dynamics, to draw 
conclusions about which species are suitable for revegetation efforts in the Anaconda area. 
SECTION II - STUDY RESULTS 
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5.0 PLANTING TRIALS RESULTS 
Plant survival rates are the basis for answering the specific study objectives. 
Planting trial results suggest which commercially available plant species are appropriate 
for large scale site-specific revegetation, and will disclose whether or not a pitted planting 
technique is superior to non-pitted planting of the selected species. 
5.1 SURVIVAL RATES OF SELECTED SPECIES 
Survival varies significantly by species (Table 2). Each species survival is 
reviewed in relation to overall survival (total), survival by planting method (pit vs. no pit), 
and survival by aspect (SE vs. SW). Survival is calculated as the percent of the initial 
population surviving. Plant vigor ratings are subjective ratings that describe the percent of 
an individual plant's live crown in relation to what is observed to be the normal (100 
percent) crown size for the stock of the species planted. Vigor is shown as the average 
percentage of live crowns within each category. 
TABLE 2 - SURVIVAL BY SPECIES 
Species Survival 
Rocky Mountain Juniper {Junipenis scopulorum) 94% 
Limber Pine {Pinus flexilus) 88% 
Engelman Spruce (Picea engelmannii) 67% 
Lodgepole Pine {Pinus contortd) 56% 
Ponderosa Pine {Pinus ponderosa) 39% 
Douglas-fir {Pseudotsuga menziesii) 27% 
Common Chokecherry {Prunus virginiana) 80% 
Woods Rose {Rosa woodsii) ITA 
Quaking Aspen {Populus tremuloides) 54% 
Common Snowberry {Symphoricarpus albus) 53% 
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5.1.1 RocIq^ Mountain Juniper Juniperus scopulorum — (JUNSCO) 
Rock Mountain Juniper had the highest survival rate, under ail conditions, of the 
trial plant species (Fig. 9). Plant survival was 10 percent better at the SW site than at the 
SE site (Table 3). Planting method had no effect on survival rates. Vigor ratings were 
high, although not as high as several other species. 
FIGURE 9 -- ROCKY MOUNTAIN JUNIPER SURVIVAL RATES 
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EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLES - ROCKY MOUNTAIN JUNIPER SURVIVAL RATES 
Category % Survival % Vigor Rating 
Overall (total) 94% 97% 
Overall SE 89% 96% 
Overall SW 99% 99% 
Overall pit 94% 99% 
Overall no pit 94% 96% 
SE with pit 89% 96% 
SE no pit 88% 93% 
SW with pit 98% 100 % 
SW no pit 100 % 96% 
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5.1.2 Limber Pine Pinusflexilus — (PINFLE) 
Limber pine had the second highest overall survival rate of the trial plant species 
Fig. 10). Plant survival was 14 percent better at the SW site than at the SE site (Table 4). 
Plants in pits had a small survival disadvantage when compared to standard plantings. 
Vigor ratings were exceptionally high under all conditions. 
FIGURE 10 - LIMBER PINE SURVIVAL RATES 
PINUSFLEXILUS 
Percent Sun/i\̂ l 
100% SW- nopit 
90%- SE - no pit 
80%-
-pit 
70%-
60%--
50%-
30%--
20%-
10% -
0% 
CN CN 
00 
EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLE 4 - LIMBER PINE SURVIVAL RATES 
Categoi7 % Survival % Vigor Sating 
Overall (total) 88% 99% 
Overall SE 81% 99% 
Overall SW 95% 100 % 
Overall pit 86% 100 % 
Overall no pit 90% 99% 
SE with pit 78% 100 % 
SE no pit 84% 98% 
SW with pit 94% 99% 
SW no pit 96% 100 % 
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5.1.3 Engelman Spruce Picea engelmannii — (PICENG) 
Engelman spruce's overall survival rate was near the plant trial average of 64 
percent (Fig. 11). A survival difference of 47 percent favored the SW over the SE site 
(Table 5). The pit planting method did not oflfer a survival advantage for trial plants. 
Vigor ratings were low as a reflection of poor plant growth on the SE site and over-winter 
desiccation of exposed plants on the SW site. 
FIGURE 11 - ENGELMAN SPRUCE SURVIVAL RATES 
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EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLES - ENGELMAN SPRUCE SURVIVAL RATES 
Category % Survival % Vigor Rating 
Overall (total) 67% 76% 
Overall SE 43% 74% 
Overall SW 90% 78% 
Overall pit 65% 78% 
Overall no pit 68% 74% 
SE with pit 44% 74% 
SE no pit 42% 74% 
SW with pit 86% 81% 
SW no pit 94% 74% 
43 
5.1.4 Lodgepole Pine Pinus contoria — (PINCON) 
Lodgepole pine's performance on the SW site was excellent (Fig. 12). Plant 
survival was interrupted on the SE site by losses to porcupine (Erethizon dorsatum). 
Plant survival trends indicate that SW site survival is about 20 percent better than the SE 
site (Table 6). SE vigor ratings were low, reflecting porcupine damage on surviving 
plants. 
FIGURE 12 - LODGEPOLE PINE SURVIVAL RATES 
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EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLE 6 - LODGEPOLE PINE SURVIVAL RATES 
Category % Survival % Survival 
w/o Porcupine 
% Vigor Bating 
Overall (total) 56% 89% 77% 
Overall SE 14% 80% 59% 
Overall SW 97% 97% 95% 
Overall pit 56% 96% 69% 
Overall no pit 55% 81% 86% 
SE with pit 14% 94% 38% 
SE no pit 14% 66% 79% 
SW with pit 98% 98% 99% 
SW no pit 96% 96% 92% 
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5.1.5 Ponderosa Pine Pinus ponderosa — (PINPON) 
Ponderosa pine had excellent survival on the SW site (Fig. 13). Plant survival was 
interrupted on the SE site by losses to porcupine (Erethizon dorsatum). Prior to the 
porcupine activity, the survival rates of SE plants were superior to SW plants. Plants in 
pits had an apparent advantage over non-pit plants, but final figures are distorted due to 
porcupine activity (Table 7). 
FIGURE 13 - PONDEROSA PINE SURVIVAL RATES 
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EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLE 7 - PONDEROSA PINE SURVIVAL RATES 
CategOi*y % Survival % Survival % Vigor Ratiag 
w/o Porcupine 
Overall (total) 39% 79% 74% 
Overall SE 7% 88% 28% 
Overall SW 70% 70% 98% 
Overall pit 38% 83% 98% 
Overall no pit 39% 75% 63% 
SE with pit 0% 90% 0% 
SE no pit 14% 86% 28% 
SW with pit 76% 76% 96% 
SW no pit 64% 64% 97% 
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5.1.6 Douglas-fir Pseudotsuga menziesii — (PSEMEN) 
Douglas-fir's graph has unusual inclines that are caused by resprouting of stock 
that had previously been recorded as dead (Fig. 14). Planting shock losses to Douglas-fir 
were severe. Vigor ratings indicate that pit plantings are superior in health even though 
fewer plants survived (Table 8). 
FIGURE 14 -- DOUGLAS-FIR SURVIVAL RATES 
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EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLE 8 ~ DOUGLAS-FIR SURVIVAL RATES 
Category % Surnval % Vigor Rating 
Overall (total) 27% 66% 
Overall SE 25% 56% 
Overall SW 30% 75% 
Overall pit 26% 75% 
Overall no pit 29% 56% 
SE with pit 22% 62% 
SE no pit 28% 50% 
SW with pit 29% 88% 
SW no pit 30% 62% 
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5.1.7 Common Chokecherry Pmnus virginiana — (PRUVIR) 
SW site common chokecherry had a 4 percent survival advantage over SE site 
plants (Fig. 15). Pit plantings had a 10 percent survival advantage over non-pit plants 
(Table 9). Vigor ratings are among the highest of the trial plant species. 
FIGURE 15- COMMON CHOKECHERRY SURVIVAL RATES 
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EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLE 9 - COMMON CHOKECHERRY SURVIVAL RATES 
Category % Survival % Vigor Rating 
Overall (total) 80% 99% 
Overall SE 78% 100 % 
Overall SW 82% 99% 
Overall pit 85% 99% 
Overall no pit 75% 99% 
SE with pit 80% 100 % 
SE no pit 76% 99% 
SW with pit 90% 98% 
SW no pit 74 % 99% 
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5.1.8 Woods Rose Rosa woodsii — (ROSWOO) 
Woods rose on the SW site had a 40 percent advantage over the SE plants (Fig. 
16). The advantage of pit planting with this species was high on the SE site. SE pit plants 
had a 50 percent higher survival rate than non-pitted SE plants (Table 10). Vigor ratings 
are high with the exception of SE non-pitted plants. 
FIGURE 16 ~ WOODS ROSE SURVIVAL RATES 
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EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLE 10- WOODS ROSE SURVIVAL RATES 
Category % Sumval % Vigor Rating 
Overall (total) 77% 97% 
Overall SE 57% 94% 
Overall SW 97% 100 % 
Overall pit 88% 100 % 
Overall no pit 64% 94 % 
SE with pit 82% 99 % 
SE no pit 32% 88% 
SW with pit 98% 100 % 
SW no pit 96% 99% 
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5.1.9 Quaking Aspen Populus tremuloides — (POPTRE) 
Quaking aspen results are based on half the number of plants than the other plant 
trials. Plant survival on the SW site was 40 percent greater than on the SE site (Fig. 17). 
No advantage of pit planting was noted for this species. Plant vigor ratings were high 
(Table 11). 
FIGURE 17- QUAKING ASPEN SURVIVAL RATES 
POPULUS TREMULOIDES 
Percent Sun/ival 
100% 
90% -
SW~pit 80%-
70% -
eo%-
50%- SE - no pit 
40%-
30%- SE ~ pit 
20%--
10% -
0% 
LO 00 
CN CN 
if) ^ 
CM CVJ CO 
EACH SERIES REPRESENTS TWENTY-FIVE PLANTS (ONE PLOT). 
TABLE 11 - QUAKING ASPEN SURVIVAL RATES 
Category % Survival % Vigor Rating 
Overall (total) 54% 98% 
Overall SE 34% 96% 
Overall SW 74% 100 % 
Overall pit 48% 96% 
Overall no pit 60% 100 % 
SE with pit 24% 92% 
SE no pit 44% 100 % 
SW with pit 72% 100 % 
SW no pit 76% 100 % 
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5.1.10 Common Snowberry Symphoricarpus albus — (SYMALB) 
Common snowberry had a 24 percent higher survival rate on the SW site than the 
SE site (Fig. 18). Plants in pits had a 24 percent higher vigor rating than non-pitted plants 
(Table 12). High vigor ratings for the SE plants resulted from weak plants vdth low vigor 
ratings dyeing. 
FIGURE 18- COMMON SNOWBERRY SURVIVAL RATES 
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EACH SERIES REPRESENTS FIFTY PLANTS (TWO PLOTS OF TWENTY-FIVE EACH). 
TABLE 12 - SNOWBERRY SURVIVAL RATES 
Category % Survival % Vigor Hating 
Overall (total) 53% 89 % 
Overall SE 41% 93 % 
Overall SW 65 % 85% 
Overall pit 65% 92% 
Overall no pit 41% 86 % 
SE with pit 58% 92 % 
SE no pit 24% 94 % 
SW with pit 72% 92 % 
SW no pit 1 58% 78 % 
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5.2 TOTAL SURVIVAL RATES BY PLANTING METHOD 
Survival by plants in pits was higher than plants not planted in pits, but differences 
were very small. Overall survivorship for plants in pits was 65 percent compared to an 
overall survival rate of 62 percent for non-pitted plants. Overall vigor ratings for plants in 
pits was 90 percent compared to 85 percent for non-pitted plants. 
Survival differences for specific species was also small, but common chokecherry, 
common snowberry, and woods rose did better when planted in pits than without pits. 
5.3 TOTAL SURVIVAL RATES BY SITE ASPECT 
The SW aspect trial site had better overall survival than the SE site. Overall 
survivorship for SW plants was 80 percent compared to a 47 percent survival rate for SE 
plants. Plant health also followed this trend. Overall vigor of SW plants was 93 percent 
compared to an 82 percent vigor rating for SE plants. 
5.4 TOTAL SURVIVAL RATES BY ASPECT AND PLANTING METHOD 
Overall survival for the plant trials was 64 percent. A mortality trend was 
established fi^om the onset of the study, with planting shock mortality, that remained 
consistent throughout the study. SW site plants in pits had higher survival rates than 
without pits. SW plants had higher survival rates than SE plants, and plants in pits at SE 
sites had higher survival rates than SE plants without pits. Plants in pits on the SW site 
had the highest survival rates with 81 percent survival. Plants without pits on the SE site 
had the lowest survival rate with 44 percent survival. Figure 19 illustrates trial survival 
rates by site aspect combined with planting method. 
Plant vigor followed the same general pattern. Plants in pits on the SW site had 
the highest vigor rates with 96 percent vigor. Plants without pits on the SE site had the 
lowest vigor rate with 80 percent vigor. 
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FIGURE 19 - ASPECT AND PLANTING METHOD SURVIVAL RATES 
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5.5 STATISTICAL ANALYSIS 
The experimental design was randomized complete block. The factors were 
planting method and species. There were two blocks (sites): SW and SE; two planting 
methods: pit and no pit; and ten species: 
1) Limber Pine (Pinus flexilus) (PINFLE), 
2) Lodgepole Pine (Pinus contortd) (PINCON) 
3) Ponderosa Pine (Pirnsponderosa) (PINPON) 
4) Douglas-fir (Pseudotsuga menziesii) (P SEMEN) 
5) Engelman Spruce (Picea engelmannii) (PICENG) 
6) Rocky Mountain Juniper (Juniperus scopulorum) (JUNSCO) 
7) Woods Rose (Rosa woodsii) (ROSWOO) 
8) Quaking Aspen (Populus tremuloides) (POPTRE) 
9) Common Chokecherry (Prunus virginiana) (PRUVIR) 
10) Common Snowberry (Symphoricarpus albus) (SYMALB) 
Each factor was fixed and there were twenty treatments. The response variable is 
the fi-action (relative fi-equency) of individuals surviving on each twenty-five member plot. 
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For all species there were two plots for each block/treatment combination, except for 
POPTRE which was replicated once per combination (see Sec. 4.1.3, Fig. 7). 
The experiment was unbalanced since there were unequal numbers of observations 
for each treatment. There were four missing observations on POPTRE out of 
2x2x2x10 = 80 total possible observations. Because the amount of missing data was 
relatively minor, the missing data was replaced by estimates based on the available 
observations (Little 1987). The data was balanced for the analysis of variance by 
including the four estimates with the seventy-six observations. 
Mortality associated with porcupine (Erethizon dorsatum) after the 15th 
observation date was discounted for statistical analysis purposes. The fraction of the SE 
block (site) PINCON and PINPON plants alive on the 15th observation date (January, 
1993) was used to represent the final survival rates. These substitute values are 
considered acceptable since there was little mortality on the SW block after the 15th date 
for these species. 
An analysis of variance (ANOVA) table was developed from the data and is 
presented in Table 13. 
TABLE 13 - ANOVA TABLE 
Source of Variation df Sum of 
Squares 
Mean 
Square 
F-ratio P-value 
Total (adjusted) 75 5.5708 
Block 1 0.7315 07315 41.39 <0.0001 
Species 9 2.9921 0.3324 18.81 <0.0001 
Planting Method 1 0.05778 0.05778 3.27 0.0789 
Block x Method 1 0.01891 0.01891 1 07 0.3078 
Block x Species 9 0.6875 0.07638 4.32 0.0007 
Method X Species 9 0.2768 0.03076 1.74 0.1153 
Block X Method x Species 9 0.1698 0.01887 1 07 0.4093 
Error 36 0.6362 0.01767 
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The hypotheses were tested at an alpha level of 05 (a: > 0.05) for acceptance. 
Hypotheses tests were done for the following: 
1) Differences between species (ten species). 
Hq.- Sa = Sjj = Sc Sji (where: S = species; n = individual). 
Hj : not Hq 
The null hypothesis (Hq) stating that there are no survival differences between species was 
rejected (P-value of <0 0001 is < 0.05). The ANOVA table suggests that there is strong 
evidence that there are survival differences between the ten test species. 
2) Differences between planting techniques (pit vs. no pit). 
Hq: Ma = M^a (where: M = planting method; a = pit; na = no pit). 
Hj : notHo 
The null hypothesis (HQ) stating that there are no survival differences between the pit and 
no pit planting method is accepted (P-value of 0.079 is > 0.05). The ANOVA table 
suggests that there are no differences in plant survival whether plants are in pits or without 
pits. This is not totally correct as the P-value is only 0.029 fi-om the alpha level. It can be 
concluded that there is weak evidence of planting method affecting survival. 
3) Differences between planting trial blocks (SW vs. SE). 
Hq: = Be (where; B = block; w = SW; e = SE) 
Hj : not Hq 
The null hypothesis (HQ) stating that there are no survival differences between blocks is 
rejected (P-value of <0.0001 is < 0.05). The ANOVA table suggests that there is strong 
evidence that there are survival differences between the SE and SW blocks. 
4) Differences in interaction between species and planting method. 
Hq: M X S = 0 (where: M = planting method; S = species) 
Hj : not Hq 
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The null hypothesis (Hq) stating that there are no interaction between species and planting 
method is accepted (P-value of 0.115 is > 0.05). Because the P-value is only 0.065 from 
the alpha level, the ANOVA table suggests there is weak evidence that planting method 
affects the survival of some species. 
5) Differences in interaction between species and blocks. 
Hq: B X S = 0 (where; B = block; S = species) 
Hj : not Hq 
The null h5^othesis (Hq), stating that there is no interaction between species and blocks, 
was rejected (P-value of 0.0007 is < 0.05). The ANOVA table shows strong evidence that 
species survival probabilities varied between the blocks. 
6) Differences in interaction between blocks and planting method. 
Hq: B X M = 0 (where: B = block; M = method) 
Hi : not Hq 
The null hypothesis (Hg), stating that there is no interaction between blocks and planting 
method, was accepted (P-value of 0.308 is > 0.05). There is no evidence that planting 
method effects vary between the SE and SW trial sites. 
7) Differences in interaction between block, methods, and species. 
Hq: B X M X S = 0 (where; B = block; M = method; S = species) 
Hj ; not Hq 
The null hypothesis (Hq), stating that there is no interaction between blocks, planting 
method, and species was accepted (P-value of 0.409 is > 0 05). The ANOVA table shows 
strong evidence that there is no interaction between species, planting method, and blocks. 
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The ANOVA table suggests there are significant differences in survival 
probabilities between species, and these differences vary between the two blocks (SE and 
SW). The differences in survival probabilities resulting from planting method (pit vs. no 
pit), and variation by species within a planting method is small. There are significant 
differences in survival probabilities between the blocks (SE and SW). There is no 
evidence of differences in effect of planting method between blocks. Interaction between 
blocks (SE and SW), planting method (pit and no pit), and species is also not significant. 
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6.0 CLIMATOLOGIC OBSERVATIONS 
Climatic information was gathered from existing sources to characterize the past 
and current climatic condition. Site-specific weather data is summarized in Table 14. 
Precipitation is the single greatest climatic factor effecting vegetation on normal 
temperate sites (Holechek and others 1989). On-site rain gauge data is graphically 
represented in Figure 21, which contrasts 1992, 1993, and average growing season 
precipitation. 
6.1 Characterization Of Climate 
Climatological normals have been established for the study location by the United 
States National Oceanic and Atmospheric Administration's Environmental Data Service 
based on observations over a 30-year period at East 7\naconda (United States Department 
of Commerce 1973). The observation period was from 1941 to 1970, which is 
representative of the establishment period for many current floral communities. This data 
has been used to establish approximate averages in past studies of the Anaconda area, and 
is used in this study for comparative purposes. A comparison of the base line data to 
current observations can be used to determine the potential influence of weather on the 
plant trials. The results of the 1941-70 study are summarized in Table 14. 
6.2 Weather Observations and Interpretation 
Weather data for the study period is summarized in Table 14. Weather data was 
collected from the nearby Mill Creek meteorologic station (EPA 1993), and from the 
United States National Oceanic and Atmospheric Administration's Anaconda Weather 
Service Station (WSFO 1993). The Mill Creek and Weather Service data, coupled with 
the on-site rain gauge data, contrasts with the base line data. The 1992 growing season 
was drier than the 1941-70 base line data. The 1993 growing season was wetter than base 
line data. Weather data from the first three weeks of the plant trial study (last two weeks 
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of May 1992 and first week of June 1993) was of particular importance as this is a critical 
period with plant establishment with newly planted seedlings being most vulnerable to 
climatic stress. 
The Mill Creek (5 miles distant) and Weather Service (2 mile distant) station data 
for this period (Appendix A) and the on-site rain data (Appendix A) indicate only trace or 
no precipitation during a time that is normally the wet period of the year (Figure 20). 
Day-time temperatures were abnormally elevated along with high solar radiation 
recordings and low relative humidities. Below fi^eezing temperatures were sustained for 
several hours at the Mill Creek and Weather Service stations only three days after the 
plant trials were planted. Below freezing nighttime temperatures can kill newly planted 
seedlings. 
TABLE 14 - WEATHER STATION DATA SUMMARY 
Average 1941-1970 ^ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Mean Temperature (°F) 22.3 26.7 29.4 39.5 48.8 55.6 65.6 64.1 54.4 44.9 32.1 25.8 42.4 
Precipitation (inches) 1.00 0.63 0.88 1.02 1.91 2.74 1.13 1.16 1.25 0.84 0.89 0.87 14.32 
Average 1965-1992 ^ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Mean Temperature (°F) 45.9 52.9 58.2 57.3 
Precipitation (inches) 2.39 1.35 1.63 1.31 
Average 1992 ̂  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Mean Temperature (°F) 55.6 60.8 60.1 60.9 55.4 47.6 30.1 19.9 
Precipitation (inches) 0.75 2.78 1.89 0.74 0.43 
Average 1993 ^ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec Annual 
Mean Temperature (°F) 19.2 18.6 37.2 39.5 53.8 54.4 55.1 57.3 52.9 44.5 
Precipitation (inches) 2.83 3.71 3.93 4.19 0.36 1.43 
• (USDC 1973) 2 (Andreozzi 1993) ^ (WSFO 1993) 
FIGURE 20 - ON-SITE RAIN GAUGE RECORDINGS 
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7.0 SOIL mVESTIGATION 
Soil profiles were mapped at the plant trials soil moisture monitoring sites. To 
validate field observations selected samples were analyzed for texture at Montana State 
University's Soils Laboratory (MSU 1993). Upland soils are mostly loams, silty clay 
loams, or clays. Soil descriptions are shown in Table 15. Soil reconnaissance across the 
upland area repeated the same general pattern. Soil profiles were not assessed in the 
lower study area because of the extensive mechanical disturbance. 
Soils at the SW planting trial site had more clay content in the surface horizons 
than those at the SE trial site. The textural differences between these sites are responsible 
for differences in soil moisture holding capacity, moisture availability to plants, and soil 
texture interaction with soil chemistry. Soil moisture and chemistry are of major concern 
for revegetation. For a detailed description of those qualities see sections 8.0 and 9.1. 
TABLE 15 - SOIL TEXTURE 
Recorded Soil Textures 
SITE DEPTH TEXTURE SITE DEPT 
H 
TEXTURE SITE DEPTH TEXTURE SITE DEPT 
H 
TEXTURE 
SEl 8 L SE2* 8 CLL SE3 8 L SWl 8* CCL 
SEl 12 SICL SE2* 12 CL SE3 12 CL SWl 12* c 
SEl 18 SICL SE2» 18 CLL SE3 18 CL SWl 18* c 
SEl 24 CL SE2* 24 L SE3 24 CL SWl 24* C 
SE2 30 SL SE3 30 CL 
SE2 36 L SE3 36 C SW2 8 C 
SE3 42 c SW2 12 C 
SE3 48 SLC 
* Laboratory determined (MSU 1993) 
C - clay L - loam S - sand SI - silt 
Site designations correspond to soil moisture monitoring sites. Depths are in inches. 
Table 15 (continued) 
Laboratory Determined Soil Textures 
SHE DEPTH TEXTURE SAND% SILT% <X AY % 
SE2 8 CLL 37 36 27 
SE2 12 CL 35 35 30 
SE2 18 CLL 40 33 27 
SE2 24 L 41 34 25 
SWl 8 CCL 29 31 40 
SWl 12 C 21 20 59 
SWl 18 C 2 23 75 
SWl 24 C 5 24 71 
•Modified Day Mechanical Analysis 
C - clay L - loam S - sand SI - silt 
Site designations correspond to soil moisture monitoring sites. Depths are in inches. 
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8.0 RESUT.TS OF SOIL MOISTURE MONITORING 
Figures 21 through 26 suggest that soil moisture may not have been adequate for plant 
growth at both sites throughout both growing seasons. Neutron probe readings were compared 
with gravimetric soil moisture samples and the correlation was very good (adjusted = 
.86). Appendix D includes information on the correlation and a summary of moisture contents 
throughout the study at both sites. Figures 21 through 26 illustrate soil moisture contents in 
representative soil profiles at each site. Also illustrated are -1/3 and -15 bar moisture levels as 
determined by laboratory analysis at Montana State University (MSU 1992). Figure 26 
includes precipitation recorded from the on-site rain gauge. 
The -1/3 bar moisture percentage represents gravity's force; this is field capacity and 
moisture exceeding this theoretically is saturating the soil. The -15 bar moisture percentage 
represents average plant turgor; moisture below this theoretically is the permanent wilting 
point of average plants. The -1/3 bar moisture is low at the SE site because of the soils 
inability to retain water against the force of gravity, and -15 bar moisture is likewise low 
because the SE soil easily yields water to plants. The SW site's clay soils contrasts this with 
high -1/3 bar water retention, and a high resistance to yielding water to plants represented by 
high -15 bar percentages. 
The use of -15 bar moisture for permanent wilting points is a theoretical plant average, 
and is used as a comparative guide. Actual plant permanent wilting point moisture contents 
are subject to numerous variables (Brady 1990), and for many western Montana vegetative 
communities the actual permanent wilting point is below the -15 bar level (Dutton 1993). 
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FIGURE 21 « SE SOIL MOISTURE AT 6 INCH DEPTH 
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FIGURE 22 - SE SOIL MOISTURE AT 12 INCH DEPTH 
% H 2 0 
35% T-
30% 
S E 1  -  1 2  I N C H E S  
25% --
0% 
- 1/3 BAR 
- -
- 1/3 BAR 
- -
% H20 
—1—1—1—1—1—1—1— —1—1—1—1—1—1—1—1—1—1—1—1—k-
- 15 BAR 
-1—1—1—1—1—1—1 
% H20 
- 15 BAR 
H—I—[—I—hH—I—I—I—I—I—I—I—I—h-H—I—I—HH—I—I—I—I—I—I—I—I c j < > j c j c > i o i < N C > j c M < M < M < > j c a c M c j c o c o c o c o  
P ) < J ) 0 > 0 ) 0 ) < J ) W P ^ © W W 0 ) 0 ? 0 > P ) P ) < J ) 0 )  
0) (O 00 CO N N 
If) CO 
<M 
( o i o o 5 ^ i B O ) C * ) C O r - ( 5 ) ^ ^  
00 Cj 
0 0 0 0 0 ) 0 ) « - O r - C M r - < M  
C O W C O C O C O C O C O C O C O C O  
0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 )  
<o rN 00 00 0) o) 
% H 2 0 
35% -r-
30% --
25% 
20% 
15% -
10% 
5% 4-
0% 
S E 2  -  1 2  i N C H E S  
I I I I I I I I I I I I I I I I I I I I I I I I h-1 h-Hr j c ^ c a N c j r j c g c j c i c j c j c j r j t M C M c o c o c o c o c o c o c o c o P O c o w w w c o  0 ) 0 ) 0 ) O 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) O T 0 ) 0 ) 0 ) a ) 0 ) 0 ) 0 ) 0 ) 0 ) 5 ? o 5 ^ 0 ) O T 0 )  
< O O O W O O ^ < 0 < 0 0 ) ^ i i i ) 0 ) C O O O r - ( O N ^ O ) ^ ^ r ^ r ^ ^ * - W O O r ^ O  
^ r - ( M r - C O  
00 
0 0  r a  O )  O )  r -  O  ^ ̂  00 O) O) 
64 
- - - 1/3 BAR 
- -
- - - 15 BAR 
—1—1—1—1—h -H—1—1—1—1—1—1—1 1—1—1—1—1—1—1—1—t--1—1—1—1—1—1—1 
S E 1  - 1 8  I N C H E S  
30% --
25% --
20% --
15% --
10% --
5% 
0% H—I I I I—I I I I I I I I I—I—I—I—I—I—I—I—I I I I I I I 
o ) O T O T O T 0 > 0 > 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 7 O T O T o a ) O 0 ) a ) a ) C T > 0 ) 0 ) c j ) c y ) 0 ) ( j > 0 ^  
u )  i n  —  • —  — —  O O O O O T O T T - O r - C M , - (M 00 00 00 0) O) 
%  H  2  0  
35% -,-
30% --
25% --
20% --
S E 2 - 1 8  I N C H E S  
- 1/3 BAR 
15% --
10% --
5% --
% H20 
15 BAR 
0% I I I I—I I I I I I I I I I I I I I I I I I I I I—I—h-H S ! ! S £ i 2 ! 2 i S S 2 i ! 2 ! £ i S 2 i S ! ! S i ! S C * ^ < * ' < ^ w c o w c o c o c o c o c o ( o c o  O T O T 0 ) m ( j ) 0 ) 0 ) O T O 0 ) 0 ) 0 ) m n n ( T ) 0 ) 0 ) a ) 0 ) 0 ) 0 ) 0 ) 0 > 0 ) 0 ) 0 ) 0 > 0 >  
c s ) 5 s ! s s s 0 c £ ! i : £ ! s c ! : : ^ : : r s ? i s s ^ : p r : e 0 i : s ! r : £ 2  l O l X )  < 0  0 0 0 0 C J ) C n « - O r - C M f - C ^  < 0  | S ,  0 0 0 0 0 ) 0 )  
65 
FIGURE 24 - SW SOIL MOISTURE AT 6 INCH DEPTH 
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SE and SW graphs are scaled differently because of higher SW data ranges. 
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FIGURE 25 - SW SOIL MOISTURE AT 12 INCH DEPTH 
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FIGURE 26 - SW SOIL MOISTURE AT 18 INCH DEPTH 
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No 18 inch (46 cm) measurements were taken at monitoring site SE2. Precipitation illustration is based 
data from the on-site rain gauge. 
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Examination of the data, and its representation in Figures 24 through 26, indicates that 
adequate moisture was available for plant growth at the SW trial site. Figures 21 through 23 
indicate that soil moisture may have been limited during the first growing season at the SE 
trial site. In combination with other stresses (metals, planting shock, wildlife) and stressfiil 
situations, water availability may have contributed to plant mortality. 
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9.0 RESULTS OF CHEMICAL ANALYSIS 
The mam purpose of collecting chemistry data in this study was to provide site 
characterization for evaluating vegetation survival. This section summarizes the results of 
soil and plant chemical analyses (results are for total metal or nutrient content). Appendix 
B lists all samples and analytical results. Heavy metal concentrations in both soil and 
plant samples were within the range of values previously found at the Old Works (PTI 
1991). 
9.1 SOIL CHEMISTRY 
Table 16 and Figure 27 illustrate soil chemical analysis results from two depths at 
each site. Values are averages from three samples. Soil samples were chemically analyzed 
at Energy Laboratories, Inc. in Billings, Montana. The results of the analysis are 
summarized in Appendix B. 
Heavy metal concentrations in soils are higher on the SE aspect than the SW 
aspect (Fig. 27). This may be due to the SE site being closer to an emission source (Old 
Works Flue #5). The 2 inch (5 cm) depth had higher levels of total metals than the 8 inch 
(20 cm) depth at both the SE and SW sites. Table 17 shows reference metal levels for 
vegetation and soil, found at Anaconda and elsewhere that may be toxic to some plants. 
These data include information from areas which are not influenced by smelter emissions 
and are not mineralized. Toxic levels must be reviewed relative to specific plant species. 
Research into soil and plant chemistry in the Anaconda region indicates that metal levels 
similar to the reference levels may exist in some areas adjacent to the influence of smelter 
emissions (Bissell 1982). The reference soil values listed in Table 17 are comparable to 
values used in other research and revegetation projects at Anaconda, and are comparable 
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to the reference levels used by Montana State University's Soil Testing Laboratory (MSU 
1984). 
TABLE 16 - SOIL & VEGETATION CHEMICAL ANALYSIS SUMMARY 
Soil Chemistry: 
Arithmetic means (total metals ~ ppm) 
mi P£rrH : PH A$ Cct . c ^ .  1  0^ H Pi? Mg P fc Ztt i ^ 
SE 2" 
C
O
 II c 7.6 650 18 8573 3710 19200 294 3900 <10 1170 900 1230 
SE 8" 
C
O
 II c 7.0 67 3 5103 980 13300 20 5370 100 920 330 1270 
SW 2" n = 3 6.6 437 8 1397 1840 11900 170 1720 330 1610 340 1420 
SW 8" n = 3 7.1 28 2 3193 1096 9950 17 3040 310 1810 180 1360 
Planting Trials Vegetation Chemistry: 
Arithmetic means (total metals — ppm) 
SAMPUE As Cd Cb Cu Fe Pb P K H 
SE n = 18 17 1.5 8520 114 440 8 2030 1420 7490 57 12920 
SW I
I c 5 1.0 7920 22 140 6 2090 1233 9860 48 13190 
NOPIT n = 14 20 1.5 7780 123 450 9 1940 1440 8170 62 12380 
PIT 
00 II c 7 1.0 9520 54 270 6 2220 1250 7480 41 13810 
DEAD n = 4 15 2.0 8310 305 583 15 1800 1680 5933 64 12792.5 
LIVE n = 18 15 1.0 8430 52 338 6 2100 1300 8200 49 12960 
CONIFER 
o
 
II c 20 1.5 3350 71 440 7 1320 1540 6640 47 11630 
DECID. 
CM II C
 9 1.5 14490 130 310 8 2900 1170 9460 65 14840 
Abbreviation: Analyzed Element: Abbreviation: Analyzed Element: 
As ARSENIC Mg MAGNESIUM 
Cd CADMIUM P PHOSPHORUS 
Ca CALCIUM K POTASSIUM 
Cu COPPER Zn ZINC 
Fe IRON N NITROGEN 
Pb LEAD 
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Table 16 (continued) 
Wild Plant Vegetation Chemistry: Arithmetic means (total metals ~ ppm). 
SAMPLE As €d Ca Cu Fe Pb K Zn M 
SE n = 17 7 2.0 13530 50 234 7 1620 550 5730 100 7560 
SW n = 10 5 1.0 14140 50 210 7 1780 480 6680 62 7340 
LIVE n = 15 6 2.0 16700 26 140 <5 2460 730 8420 92 8410 
NEW DEAD n = 6 5 1.5 13000 240 240 6 860 350 4490 90 7170 
OLD DEAD n = 6 9 2.0 6570 115 440 7 400 170 1390 76 4850 
LEAVES n = 14 6 2.0 16900 25 150 <5 2640 730 8830 87 8630 
STEMS n = 13 7 1.5 10460 96 320 9 680 270 3110 86 5970 
SPROUT 
C
O
 II c 7 3.0 12726 40 180 5 3260 740 10700 140 7600 
MATURE 
CN
I 
I I c 6 2.0 12100 54 250 8 1250 440 4750 72 7340 
CONIFER I
I c 5 1.0 7560 7 89 5 1290 970 4920 55 10170 
DECID. 
C
O
 C
NI 
II c
 6 2.0 14900 59 260 7 1770 430 6280 92 6900 
TABLE 17 - REFERENCE METAL LEVELS 
Soil And Vegetation Metal Averages ** (total metals ~ ppm) 
Metal As; Cd Cu Pb In 
Normal Soil Levels 5 ' 0.75 '1 25 3 15 5 62 7 
Toxic Soil Levels 30 2 5 12 150 4 50 6 200 8 
Normal Vegetation Levels 
O
O
 o
 
o
 H 1 p
 
o
 
00
 1 
Toxic Vegetation Levels 2.5 • 
00 O
 1010 10*  15 9 
* estimate ~ too variable to categorize 
 ̂ Amott 1965,Woolson 1969 
2 Batjer and Benson 1958 
 ̂ Heinrichs and Mayer 1980, Shacklette 1967 
 ̂ Reitz and Shrimp 1953 
 ̂ Cormer and others 1976 
 ̂ Motto and others 1970 
 ̂ Holmes 1943 
 ̂ Heinrichs and Mayer 1980 
9 Maze 1936, DeKock 1956 
Webb 1977 
Yopp and others 1974 
12 Hartman 1975 
13 MSU1984 
** The figures presented in this table are averages of samples that are widely variable, and should only be 
used for general comparative piuposes. Toxic levels vary greatly with availability, plant species, tissues 
exposed and site variables. Background levels may be fi-om non-mineralized areas. 
* Toxic levels have been estimated from exceedance of highest reported background levels. 
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(ppm) 
7000 J 
6000 -
5000 -
4000 -
3000 --
2000 -
1000 -
0 -
Soil Depth 2" 2" 2" 8" 8" 8" 2" 2" 2" 8" 8" 8" 
SE ASPECT PLANTING TRIALS SW ASPECT PLANTING TRIALS 
Cadmium (Cd) occixrrence is too small to be recognized at this scale. 
A comparison of reference levels (Table 17) and those levels found at the study 
site (Table 16), reveal that soil metal levels greatly exceed values from areas which are not 
impacted by smelter emissions and are not mineralized. Soil pH is listed in Table 16 as 
being nearly neutral. 
General levels of soil metals probably approximate those levels found at the SW 
site. Some metal concentrations have been recorded close to the decommissioned Old 
Works facilities. Flue #6 has arsenic levels as high as 10,400 ppm and lead levels as high 
as 304 ppm (Tetra Tech 1985). 
The soil was analyzed for several nutrients that are important to plant survival 
(Table 16). This group includes calcium, magnesium, phosphorus, potassium, and 
nitrogen. Overall, these nutrients are present in sufficient amounts to provide for plant 
FIGURE 27- CONCENTRATIONS OF SOIL METALS 
Zn 
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needs (Gough and Shacklette 1976). There is considerable variation in the amounts of 
some nutrients from one test location to another. This is the case with phosphorus, which 
has low levels on the SE site, but adequate levels on the SW site. The low phosphorus on 
the SE site did not appear to have an adverse affect on SE trial plants as chemical analysis 
of plants found adequate levels of nutrient uptake. 
9.2 VEGETATIVE CHEMISTRY 
A comparison of reference levels (Table 17) and those levels found at the study 
site (Table 16), reveal that vegetation metal levels exceed reference levels. Plant tissues 
from pit plantings were lower in metals than non-pit plants (Fig. 28). The SW site 
samples have lower metal levels than the SE site (Fig. 28). 
Toxic levels of metals are difficult to define because different plant species and 
plant tissues respond differently to toxins. Therefore, a toxic level can only be defined as 
relative to specific species under specific conditions. 
Of the plants sampled from the wild population, there is little difference in plant 
metal levels between sampling aspects. However, the sampling points for wild plants were 
similar in their distances from the decommissioned Old Works stack #5. Wild plants of 
the same species as trial plants had generally lower metal levels than trial plants. When 
comparing live plants of the same species, the trial populations had 64 percent more 
vegetative copper than wild plants. 
Dead plants had higher copper levels than live plants. Dead plants from the trial 
populations averaged 305 ppm copper compared to 52 ppm copper in live tissues tested 
(Fig. 28). Dead plants from the wild populations averaged 139 ppm copper compared 
with 39 ppm copper in live tissues tested. 
Plant tissues were analyzed for several nutrients that are important to plant 
survival (Table 16). This group includes calcium, magnesium, phosphorus, potassium. 
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FIGURE 28 -- CONCENTRATIONS OF METALS IN PLANT TISSUES 
SW & SE PLANT TISSUES 
PPM 
S E S W 
PIT & NO PIT PLANT TISSUES 
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and nitrogen. Overall, these nutrients are found in sufificient amounts to provide for plant 
needs (Zinke and Stangenberger 1979). 
Chemical analysis of available live trial plant tissues was repeated at the end of the 
1993 growing season (Appendix B). Analysis of dead tissues from trial plants was not 
made because of the lack of available dead tissue. Soil and wild plant sampling were not 
conducted in 1993, with the exception of the fruit of wild chokecherry. The results of the 
1992 and 1993 findings were similar. There was no accumulation of toxic metals over the 
test period. 
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10.0 VEGETATION MORTALITY 
The study was not designed to determine causes for plant mortality, but is 
designed to assess mortality rates on specified species under varied conditions. The study 
did show that planting shock, winter-kill, and wildlife were major causes of mortality. 
10.1 Planting Shock Mortality 
The initial mortality that occurs when transplanted stock is unable to adjust to its 
new environment or is damaged by the planting procedure is known as planting shock. 
Planting shock survival is presented in Table 18. 
TABLE 18 - PLANTING SHOCK SURVIVAL 
METHOD SPECIES ASPECT PLANTED 
5/13/92 
SURVIVAL 
6/23/92 
METHOD SPECIES ASPECT PLANTED 
5/13/92 
SURVIVAL 
6/23/92 
NO PIT JUNSCO SE 100% 94% NO PIT POPTRE SE 100% 56% 
PIT JUNSCO SE 100% 95% PIT POPTRE SE 100% 48% 
NO PIT JUNSCO SW 100% 100% NO PIT POPTRE SW 100% 92% 
PIT JUNSCO SW 100% 98% PIT POPTRE SW 100% 92% 
NO PIT PINCON SE 100% 78% NO PIT PRUVIR SE 100% 86% 
PIT PINCON SE 100% 98% PIT PRUVIR SE 100% 86% 
NO PIT PINCON SW 100% 96% NO PIT PRUVIR SW 100% 84% 
PIT PINCON SW 100% 98% PIT PRUVIR SW 100% 94% 
NO PIT PICENG SE 100% 82% NO PIT PSEMEN SE 100% 30% 
PIT PICENG SE 100% 92% PIT PSEMEN SE 100% 22% 
NO PIT PICENG SW 100% 100% NO PIT PSEMEN SW 100% 18% 
PIT PICENG SW 100% 100% PIT PSEMEN SW 100% 29% 
NO PIT PINFLE SE 100% 96% NO PIT ROSWOO SE 100% 60% 
PIT PINFLE SE 100% 98% PIT ROSWOO SE 100% 94% 
NO PIT PINFLE SW 100% 98% NO PIT ROSWOO SW 100% 100% 
PIT PINFLE SW 100% 96% PIT ROSWOO SW 100% 100% 
NO PIT PINPON SE 100% 96% NO PIT SYMALB SE 100% 58% 
PIT PINPON SE 100% 94% PIT SYMALB SE 100% 72% 
NO PIT PINPON SW 100% 80% NO PIT SYMALB SW 100% 86% 
SYMALB PINPON SW 100% 76% PIT SYMALB SW 100% 84% 
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Overall planting shock mortality was 18.5 percent. Weather data (Section 6.0) 
shows no precipitation during this twenty-one day period. Day-time temperatures were 
abnormally elevated along with high solar radiation recordings and low relative humidities. 
Freezing nighttime temperatures were sustained for several hours only three days after the 
plant trials were planted, and fi-eezing nighttime temperatures can kill newly planted 
seedlings. The dry, hot to cold conditions experienced during the initial plant 
establishment period may have caused increased stress and mortality. 
Considerable variation of survival rates from planting shock occurred between 
species. Rocky Mountain Juniper (Juniperus scopulorum), Engelman spruce iPicea 
engelmannii), and woods rose {Rosa woodsii) all had plots with 100 percent survival, but 
Douglas-fir's (Pseudotsuga menziesii) overall survival was only 25 percent, with one plot 
at 18 percent. 
Survival differences occurred within species. Woods rose had a 100 percent 
overall survival rate at the SW site, but only a 77 percent rate at the SE site. Quaking 
aspen (Populus tremuloides) had an overall SW survival rate of 92 percent, but the SE site 
only had a 52 percent overall rate. 
Overall differences between sites, and between planting methods were less 
obvious. Figure 29 illustrates the differences in planting shock survival rates between SE 
and SW site aspects, and pit and no-pit planting methods. Plants in pits had a small 
advantage over plants without pits. Pitted plants had overall survival rates of 84 percent, 
and non-pit plants had 79 percent survival. SW site plants had an advantage over SE 
plants. SW plants had a survival rate of 86 percent compared to a 77 percent rate for the 
SE plants. Plants in pits on the SW site had the highest survival rates with 87 percent 
survival. Plants without pits on the SE site had the lowest survival rate with 74 percent 
survival. 
The mortality resulting from planting shock (Figure 30) formed a lasting and 
consistent mortality trend that became more evident as the study progressed. Plants in pits 
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on the SW site had the lowest mortality, and plants without pits on the SE site had the 
highest mortality. 
FIGURE 29 - PLANTING SHOCK SURVIVAL 
Survival 
100% 
10.2 WILDLIFE CAUSED MORTALITY 
Some damage and losses of trial plants were attributed to wildlife. Numerous 
wildlife species were observed during the course of this study (Appendix F). 
Mortality from porcupine (Erethizon dorsatum) feeding on the SE site seriously 
affected survival rates of ponderosa pine (Pinus ponderosa) and lodgepole pine (Pinus 
contorta). Overall losses to porcupine were 81 percent of the SE site ponderosa pine and 
66 percent of the SE site lodgepole pine. Most surviving plants of these species also had 
porcupine feeding impacts. 
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Porcupine also damaged one Engelman spruce {Picea engelmannii) and destroyed 
two woods rose {Rosa woodsii) plants, and consumed the rubber neutron-probe tube 
closure at the SE2 soil moisture monitoring site. 
Wildlife losses also occurred on the SW site. Chipmunks (Eutamias minimus) 
were regularly observed near the SW planting sites, and were blamed for clipping five 
ponderosa pine seedlings and two lodgepole pine seedlings in the SW trials. One 
ponderosa pine died fi^om stem breakage after being stepped on by elk (Cervus 
canadensis). 
10.3 Winter-kill Mortality 
Winter survival rates for conifer species were assessed after the snow melted in 
May, 1993. Survival rates for deciduous species were assessed after winter dormancy was 
broken in June, 1993. The winter of 1992-1993 was more severe than average, and winter 
mortality may have been higher than on climatically average years (see Section 6.1). 
10.3.1 Winter Survival Of Conifers 
Conifer winter survival was very good with the exception of Engelman spruce 
(Picea engelmannii) and Douglas-fir (Pseudotsuga menziesii). Six percent of the fall 
Douglas-fir population winter-killed to ground level, but some recovery occurred in June 
by resprouting. Although there was only a 3.5 percent reduction in the overall Engelman 
spruce population, crown sizes average only 80 percent of the original. Crown 
desiccation occurred to those portions of the plant exposed above the snow cover. On the 
SE site, where snow cover was deeper, the crown loss was only 16 percent compared to a 
23 percent crown loss on the wind exposed SW site. 
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10.3.2 Winter Survival Of Deciduous Species 
Deciduous species winter survival was good with the exception of common 
snowberry (Symphoricarpus albus) which suffered a 22 percent overall loss. Non-pitted 
common snowberry plants had a winter mortality of 18 percent compared with only a 4 
percent loss for pitted plants. The overall 5 percent woods rose (Rosa Woodsii) losses 
were greater with non-pitted treatments than with pitted treatments, and all the losses 
were on the SE site. Quaking aspen's {Populus tremuloides) 3 percent mortality occurred 
on the wind-blown SW site. Common chokecherry (Prumis virginiana) had a 1 percent 
over-winter mortality associated with non-pitted plants. 
10.4 General Mortality 
10.4.1 Root Development 
Trials plants were excavated following the completion of the trials to investigate 
plant root development. Trial plant roots appeared normal. The observations of root 
development were limited to a visual inspection and no microscopic investigation was 
conducted. No association between root development and mortality was established. As 
expected, plants with root zones in dense clay soils had limited root development. Plants 
with root zones in loamy, less dense soils had roots with greater penetration into adjacent 
soils. Root development was more limited in the specimens planted in pits. Pitted plants 
had deeper root zones placing roots into denser soil types than the no-pit plants. 
Plants in shallow soils with higher metal levels did not show a loss of root 
development when compared to plants from deeper soils having lower metal levels. No 
distortions of roots such as limited growth patterns, root clubs and discoloration, that have 
been observed by other Anaconda researchers (Webb 1977), were noted. 
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10.4.2 Mortality Resulting From Plant Tissue Sampling 
Table 19 illustrates that there was little change in survival between plants sampled 
for chemical analysis and those not sampled. It can be concluded the experiment was not 
affected by plant tissue sampling. 
TABLE 19 - SAMPLE AND CONTROL PLOTS COMPARISON 
ASPECT PLOT # * STATUS SPECIES PLANT# METHOD SURVIVAL 
CHANGE 
SURVIVAL 
$/11/92 
SURVIVAL 
7/1/93 
VIGOR ** 
CHANGE 
VIGOR 
$/11/92 
VIGOR 
7/1/$3 
sw N-14 SAMPLE PINPON TOTAL NO PIT 0% 72% 72% 0% 96% 96% 
sw S-20 CONTROL PINPON TOTAL NO PIT 12% 68% 56% - 2% 99% 98% 
sw N-10 SAMPLE PINPON TOTAL PIT 0% 80% 80% 0% 99% 99% 
sw S-12 CONTROL PINPON TOTAL PIT 0% 72% 72% - 3% 100% 97% 
sw N-9 SAMPLE PINCON TOTAL NO PIT 0% 96% 96% - &% 91% 86% 
sw S-8 CONTROL PINCON TOTAL NO PIT 0% 96% 96% 0% 99% 99% 
sw N-16 SAMPLE PINCON TOTAL PIT 0% 96% 96% 0% 98% 98% 
sw S-15 CONTROL PINCON TOTAL PIT 0% 100% 100% 0% 100% 100% 
sw N-13 SAMPLE PINFLE TOTAL NO PIT 0% 92% 92% 0% 100% 100% 
sw S-11 CONTROL PINFLE TOTAL NO PIT 0% 100% 100% 0% 100% 100% 
sw N-15 SAMPLE PINFLE TOTAL PIT 0% 92% 92% 0% 98% 98% 
sw S-10 CONTROL PINFLE TOTAL PIT 0% 96% 96% 0% 100% 100% 
SE S-9 SAMPLE PINFLE TOTAL NO PIT B% 85% 76% -1- 3% 95% 97% 
SE N-12 CONTROL PINFLE TOTAL NO PIT 0% 92% 92% 0% 99% 99% 
SE S-17 SAMPLE PINFLE TOTAL PIT 12% 76% 64% 0% 100% 100% 
SE N-7 CONTROL PINFLE TOTAL PIT $% 96% 88% 0% 100% 100% 
SW S-1 SAMPLE PRUVIR TOTAL NO PIT 0% 68% 68% 0% 100% 100% 
SW N-7 CONTROL PRUVIR TOTAL NO PIT 4% 84% 80% 0% 99% 99% 
SW S-19 SAMPLE PRUVIR TOTAL PIT 0% 96% 96% 0% 100% 100% 
SW N-5 CONTROL PRUVIR TOTAL PIT 0% 84% 84% 0% 98% 98% 
SE S-19 SAMPLE PRUVIR TOTAL NO PIT 4% 72% 68% 0% 100% 100% 
SE N-3 CONTROL PRUVIR TOTAL NO PIT 0% 84% 84% 0% 96% 96% 
SE S-11 SAMPLE PRUVIR TOTAL PIT 0% 68% 68% 0% 100% 100% 
SE N-18 CONTROL PRUVIR TOTAL PIT 0% 92% 92% 0% 100% 100% 
• Plot numbering is divided into north (N) and south (s) halves of each site for administrative purposes. 
»» Vigor is shown as an average percentage of live crowns within each plot. 
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The analysis of plant vigor, as averaged for each twenty-five plant plot, also 
supports the conclusion that sampling did not affect plant survival. No decline in plant 
health was detected by the subjective plant vigor rating. 
10.4.3 Plant Heat Stress 
Surface temperatures of study area soils were measured at up to 140 °F (60 °C). 
Surface temperatures are elevated by the rocky surfaces present in many upland locations, 
and the lack of vegetative cover. Excessive heat denatures proteins in plant cells and 
causes death by disturbance to nucleic acid as well as protein metabolism (Smith 1986). 
Mortality of trial plants by heat stress has been documented in one instance with a 
lodgepole pine (Pinus contortd) seedling on the SW aspect where the stem was next to a 
flat rock that heated in the sun. Death proceeded fi^om the side of the plant next to the 
rock. Planters were instructed to remove rocks fi"om near seedling stems to avoid this 
problem, but some rocks came to this position through gravity and wildlife activity at the 
plant sites. 
Some species are less tolerant of heat stress than others. Shade tolerant varieties 
like Douglas-fir (Pseudotsuga menziesii) can suffer high heat stress losses in revegetation 
efforts on open sites. Soil surface temperatures cause a girdling of the cambium at the 
root collar resulting in death. The U.S. Forest Service routinely uses shade cards or 
collars on Douglas-fir when revegetating clear cuts (Burke 1993). 
Heat stress is likely to be a factor in the mortality of the shade tolerant, late serai 
species selected for the planting trials. Although specific numbers can not be determined 
within the fi^ame work of this study, it is likely that some of the Douglas-fir and Engelman 
spruce (Picea engelmannii) mortality is associated with heat stress. 
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10.4.4 Plant Moisture Stress 
Mortality caused by lack of available water is complex, and is beyond the scope of 
this study. However, data obtained during the course of the study can be used for a 
limited interpretation of soil moisture and available water effects on survival rates. The 
results of soil moisture monitoring (see Section 8.0) indicate that adequate soil moisture 
was available to the SW trial plants. Soil moisture may have been limiting to the SE site 
plants in the first growing season. Water, and its availability to plants, is one potential 
limiting factor for established vegetation across most areas of the study site. 
10.4.5 Toxic Metals Stress 
No plant mortality can specifically be attributed to metals as a result of this 
experiment since the study design was not intended to evaluate causal relationships. 
However, metals are likely a component of mortality in conjunction with other factors 
including moisture, wildlife, planting shock, and other factors. Elevated levels of metals 
were associated with higher rates of mortality, but a causal relationship was not 
established (see Section 11.5 for discussion). 
SECTION m - DISCUSSION AND CONCLUSIONS 
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11.0 DISCUSSION 
11.1 Climatic Factors 
The climate at Anaconda is suitable for the establishment of species that have 
existed in Anaconda's past environment. Current climatic trends may be more favorable 
for plant establishment than the climate that existed when some of the current communities 
were established. It may be possible to successfully establish some species that were 
marginal on severe southern aspects and were not described as members of south aspect 
communities. 
The dry, hot to cold conditions experienced during the initial plant establishment 
period may have caused increased stress and mortality; most years should have more 
favorable conditions. Similar conditions have been linked to abnormally high mortality 
rates in reforestation projects in western Montana (Laird 1993). Douglas-fir had a very 
high planting shock mortality rate. Douglas-fir is more susceptible to environmental 
stress than many other species and fi"equently suffers higher planting shock mortality 
(Burke 1993). 
Winter conditions for the 1992-1993 winter were abnormally severe. Winter 
mortality will be reduced for most years during revegetation programs. Site analysis must 
recognize the problem of winter kill, and use winter hardy species on sites with high wind 
exposures. The Anaconda-Deer Lodge County revegetation program attempted to reduce 
winter losses by placing plants in protected microsites, but had limited success (Andreozzi 
1993). The Program's use of herbicides may have contributed to their problem by 
reducing the vegetative snow retention capacity of the site (Vallentine 1989). 
Precipitation patterns for both summers of the plant trials provided adequate to 
above average moisture. Moisture stress factors during future revegetation efforts may 
confi-ont more severe moisture conditions and higher mid-summer mortality rates than 
were encountered in the trials. However, other revegetation efforts in the area have not 
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associated a large percent of vegetation mortality with moisture stress beyond the initial 
planting period (Manning 1992; Eliason 1993). The use of late serai, shade tolerant 
species, must be restricted to areas less prone to moisture stress when attempting to 
revegetate the harsh south aspects at Anaconda. 
Observations of local and study site vegetation, coupled with data from the plant 
trials and other revegetation programs, indicates that no outstanding climatic factor will 
deprive a revegetation effort of reasonable establishment success if species are properly 
matched to the growing site. No data is available for the most extreme and steep south 
aspects where it can be expected that higher mortality rates will occur. Only the most 
winter hardy and drought tolerant species should be prescribed for those sites as climatic 
factors will be exaggerated on the most extreme sites. 
11.2 Vegetative Communities 
The degree of natural vegetative recovery at Anaconda has not been quantified, 
but the vegetation observations made in this study and by other observers are encouraging. 
As evidenced by the on-site plant inventory (Appendix E), an extensive plant community is 
intact and reproducing on the study site. Much of the original loss of trees was 
mechanical and cannot be attributed to environmental conditions. Many of the tree and 
shrub communities, in upper and lower study areas, developed during smelter emission 
deposition, so the prospect for their future survival is good. Although smelter emissions 
have affected the soil, much of the damage done to plants was through foliar intake. 
Some studies have shown that up to 80 percent of the metals in plant tissues resulted from 
foliar intake as opposed to uptake from soil (Buchauer 1973). Lower levels of toxic 
metals exposure and the elimination of sulfur dioxide present the best plant environment 
that the area has had since the last century. Additional vegetative cover will help to 
mitigate the damage done by past human activity. 
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These planting trials have shown that a variety of species can survive their 
establishment period. The Anaconda Company's tree planting program during the 1950's 
and 1960's has provided evidence that healthy conifer forests can be established on 
untreated emission impacted soils. The Anaconda-Deer Lodge County revegetation 
survival study has concluded that conifer forests (one-hundred trees per acre ~ ten years 
after planting) can be established when planting prescription densities reflect projected 
mortality rates (Manning 1992). 
11.3 Wildlife 
Wildlife can cause extensive damage to revegetation programs. Rodents were 
occasionally destructive of the planting trials stocks, and have become a problem in large 
scale forest restocking programs (see Section 3.5). Rodent populations in the study area 
are small when compared to other disturbed sites. Pocket gophers have been noted in the 
Anaconda area, and have been a problem in grassland revegetation programs (Keammerer 
1992). Pocket gophers were not observed in the study area. 
Porcupine {Erethizon dorsatum) damage in this study was extensive (see Section 
10.2) but this is not a usual occurrence in western Montana revegetation programs (Laird 
1993; Pommerening 1993; Schwarzkoph 1993). The long term survival of porcupine's 
preferred species, ponderosa and lodgepole pine, in adjacent areas suggests that losses in 
the plant trials were an isolated incident. 
Although deer have been a problem in other Anaconda revegetation programs 
(Manning 1992), no seedlings were damaged by deer in this study. 
Revegetation programs must monitor animal damage and take measures to control 
damage if it becomes extensive. Animal repellents can be limited to a few weeks of 
effectiveness for each appUcation, and multiple applications may be required (Ballek 
1993). Exclosures are generally not practical on a large scale, but may be practical in 
limited areas. Direct population reduction or animal relocation may become necessary. 
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11.4 PLANTING TRIALS 
Plant trial results are based on data from two growing seasons. Plants in the trials 
can be considered established after two growing seasons (Andreozzi 1993; Ballek 1993; 
Eliason 1993; Laird 1993; Manning 1992; Pommerening 1993). Future mortality should 
assume normal background levels. 
The overall survival rate for the plant trials is encouraging. The trial survival rate 
of 64 percent (62 percent for conifers) compares favorably with the U S. Forest Service's 
70 percent survivorship on good western Montana sites, where they are planting over 
seventeen-million trees a year (Laird 1993). Bitterroot Native Growers reports that their 
conifer stocks have had 60 percent one year survival rates at the Zortman Mine in 
Montana, Senica Mine in Colorado, and AMAX Coal at Gillette, Wyoming (Ballek 1993). 
The Anaconda-Deer Lodge County revegetation program had a 64 percent survival rate 
(Manning 1992; Andreozzi 1993). The Anaconda Company's revegetation program of 
the 1950's and 1960's had a survival rate of 62 percent (Eliason 1993). Western Energy 
reports a 50 percent survival rate at their Coalstrip, Montana, Rosebud Mine revegetation 
project (Schwarzkoph 1993). Bunker Hill, Idaho, reports an overall survival rate of 95 
percent on emission impacted soils. Their success comes from a fine-tuned reclamation 
program that includes emphasizing high success species, avoids using low success species 
like Douglas-fir {Pseudotsuga menziesii), and amends specific sites through soil removal 
and soil treatments. The U.S. Forest Service averages a 67 percent survival rate on normal 
soils in the Bunker Hill vicinity using the same stock from the same nursery (Pommerening 
1993). Most of the aforementioned survival is based on containerized stock; bare-root 
stock survival rates are lower. The Anaconda-Deer Lodge County project, Coalstrip's 
Rosebud Mine, and AMAX - Gillette are based on stocks grown from local seed sources. 
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11.4.1 Survival Of Trial Species 
The ten trial species had variations in overall survival ranging from 100 percent for 
Rocky Mountain juniper to 27 percent for Douglas-fir (porcupine mortality of ponderosa 
and lodgepole pine excluded). 
Species with approximately 80 percent or greater survival include Rocky Mountain 
juniper, limber pine, lodgepole pine and ponderosa pine (porcupine mortality excluded), 
woods rose, and common chokecheny. These species have shown that they can be readily 
established at Anaconda. Woods rose and common chokecheny are present in the natural 
community and are important wildlife forage in western Montana. Rocky Mountain 
juniper and limber pine are dominants in the forest community of the existing study site. 
These species have demonstrated that they can withstand the environmental conditions at 
Anaconda and should be emphasized in revegetation planning. 
Lodgepole and ponderosa pine are not present in the natural community at the 
study site and the potential for their exclusion by environmental circumstances not 
encountered during the course of this study is greater than for those species that are 
naturally occurring. Lodgepole and ponderosa pine could be used in revegetation 
programs to provide diversity, but should be used with caution as losses may be 
substantial. 
Engehnan spruce's 67 percent survival is intermediate, and exceeds the 64 percent 
overall average for the trials. However, winter stress on this species was high and 
Engelman spruces long term ability to flourish on the harsh sites near Anaconda is 
questionable. Engelman spruce could be included in revegetation planning to provide 
diversity, but should not be emphasized. 
Quaking aspen and common snowbeny had survival rates in the low 50 percent 
range. These species are present in the natural community. Quaking aspen plays an 
important and dominant role in the riparian zones of the upper study area and revegetation 
planning should consider the use of this species in appropriate areas despite its lower than 
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average survival rate. Common snowberry is an important wildlife forage species in 
western Montana and can be established as part of a diverse community. 
Douglas-fir's 27 percent overall survival may not be a good indicator of this 
species usefulness in revegetation work in the Anaconda area. Most of the mortality to 
Douglas-fir occurred as planting shock. Appropriate planting methods could aid in 
survival. Specific methods would have to be established, but could include delayed 
planting dates, sheltered micro-site selection, and the use of shade cards. Douglas-fir is 
occasionally present in the natural community, was an important member in the historic 
community, and could be included in a revegetation plan for some sites in the Anaconda 
area. 
11.4.2 Planting Method 
The use of the pit method of planting resulted in a 3 percent increase in overall 
survival. Overall differences between pit and non-pitted planting methods were not 
significant. As a general strategy, the pit planting method should not be adopted. 
Survival differences for specific species was small, except for common chokecherry, 
common snowberry, and woods rose which did significantly better when planted in pits 
than without pits. 
The theory of planting in pits is to provide the plant with a catchment around its 
base to concentrate water and promote water infiltration at the root zone. Plants in pits 
also have deeper root zones. Most of the metals contamination fi-om aerial emissions is 
concentrated in the surface layer of the soil (Beaverton 1973; Lagerwerff and others 
1973). When planting pits are formed, a portion of the contaminated soil is removed. 
Plant roots are placed approximately 3 to 4 inches (7.5 to 10 cm) deeper into the soil, and 
root zone soils have less metal contamination. Arsenic, cadmium, copper, iron, lead. 
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magnesium, and zinc levels were all found to have inverse correlations to soil depth on 
both SE and SW sites. 
Pits provide wind-sheltering microsites that aid in soil moisture retention. Also 
noted in the study was the pit's wind-shelter effect on mobile organic surface debris. Plant 
pits recruited and held dead leaves and stems. This surface organic material not only aids 
in moisture retention, but over time improves soil development at the microsite. Mobile 
surface debris from the fall of 1992 was recruited, held, and decomposed in the pits during 
the summer of 1993. 
Although soil chemistry and woody debris recruitment may play a role in long term 
survival and plant health, the advantages from these factors were only noted in the plant 
survival trends of deciduous shrubs. 
11.4.3 Aspect DifTerences 
The SW aspect site had a 33 percent higher overall plant survival than the SE 
aspect site. The differences discovered in the site characterization and their relationship to 
plant survival have helped in understanding the potential effects of moisture and metal 
stress on the plant species tested. 
Southwest aspects are usually considered more environmentally severe that 
southeast aspects in western Montana. Warm afternoon air temperature coupled with 
more direct solar radiation, cause southwest aspects to have high rates of 
evapotranspiration, drier site conditions, and higher levels of plant moisture stress. Site-
specific conditions that may be causing a reversal in the survival rates between the SW and 
SE sites include moisture, metal levels, soil texture, past erosion, past equipment use, fire, 
and other factors. 
Soils on the SE site had coarser textures than those at the SW site and retained 
less water. Soil moisture available to plants was below the -15 bar level during the first 
92 
season on the SE site. The SE site is located much closer to one of the emission sources (Old 
Works Stack ffS) than the SW site. Exponential declines of metals in soils and vegetation can 
be expected as distance increases (Roberts and others 1974; Munshower 1977). Arsenic, 
cadmium, copper, iron, lead, magnesium, and zinc levels were all found in to be significantly 
greater in soils at the SE site than the SW site (see Section 7.1). 
Other evidence of variation between the SE and SW site was noted in the study. 
Natural vegetation adjacent to and interspersed in the SW trial plots was also larger, healthier, 
and plant populations were denser than those on the SE site. Spreading dogbane (Apocynum 
androsaemifolium) was a dominant species at both the SW and SE site. On the SW site 
dogbane leafed out and bloomed earlier in the year, retained their leaves later in the year, were 
50 percent larger, and 25 percent denser than the SE dogbane community. 
Dead plants had higher copper levels than live plants. This may suggest a relationship 
between metal contamination and survival rates. However, the high metal levels may be due 
to aerial deposition or other factors instead of plant uptake. It can be concluded that aspect 
differences alone did not dictate survival trends in the study area. Soil textures, soil moisture, 
soil chemistry, and other factors caused the difference in survival. 
11.5 MORTALITY PATTERNS 
Causes of plant mortality was not the subject of this study, but the effects of mortality 
are central to the study's conclusions. Higher plant mortality rates on the SE site, and in some 
non-pitted plantings, parallel the findings of soil and vegetative metals levels. The levels of 
metals found at the planting trials sites, and existing throughout the study area, are great 
enough that plants are being adversely affected. The pattern of winter-kill was often 
associated with plants on sites with the highest levels of metals. Plant health ratings also 
confirm this trend. 
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The distribution of natural plant populations, their health, density and reproductive 
mode, appear to be related to distance from emission sources. Plants in the upland study 
area have stress related characteristics. Older specimens of common chokecherry (Prunus 
virginiana) and quaking aspen (Populus tremuloides) often have numerous dead limbs. 
Limber pine (Pinus flexilus) were observed with large lateral limbs dying. Typically, the 
dead limbs are lateral limbs that die from their stem origin, where death resulting from 
water stress is usually at the upper portions of the crown and at the end of limbs. The 
limb death's may be associated with metal toxicity which accumulates over time (Bryan 
1971), and could be associated with the destruction of xylem tissue by toxic metal (Brams 
and Fiskell 1971). 
Although this study was not designed to document metals related mortality, it is 
evident from the documented metal levels, responses from plants that might be attributed 
to excessive metal exposure, and the experience of other researchers dealing with 
escalated metal levels, that revegetation planning must recognize that metals may be 
playing an active role in the Anaconda area. 
It is possible that local metal adapted ecotypes have evolved. The higher levels of 
vegetative metal in trials species than in like natural species may indicate ecotypic 
adaptations. However, the trials success rate compares favorably with stock that was 
produced from local seed sources. This indicates that the importance of ecotypic 
adaptation is minimal. Webb's (1977) study of Great Basin wild rye {Elymus cenereus) at 
Anaconda concluded that the species is not an ecotype, but is a plastic species with 
capabilities of coping with high metal concentrations. 
The long term implications of metal stress on vegetation was not explored as part 
of the study. This context must be applied when reviewing the study's conclusions. In 
developing a revegetation prescription for the emission impacted area, it may be prudent 
to emphasize vegetative species with resistance to metal contaminants. 
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It may be possible to chelate toxic metals at Anaconda. The high survival success 
at the Bunker Hill Mine/smelter reclamation project is in part the product of localized 
cadmium/zinc chelation by amending the seedling container soil formula (Pommerening 
1993). Similar techniques could be used with revegetation stocks for Anaconda. The 
potential of chelating copper by increasing humic acid in the seedling container soil exists 
(Welcher and Boschmann 1979; Lin 1992). Such localized metal control or other 
methods that reduce metal solubility can increase survival rates by reducing metal 
exposures during the initial establishment period. 
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12.0 CONCLUSIONS 
The 64 percent overall survival rate of the planting trials is similar to survival rates 
of revegetated areas in the region. The trials were on some of the harshest sites in the 
area; revegetation success at many Anaconda locations will be superior to the trials. No 
plant trial species proved to be totally unfit for use in revegetation efforts at Anaconda. 
Rocky Mountain Juniper, limber pine, woods rose, and common chokecherry had the 
highest survival rates, and should be emphasized in revegetation planning. Engehnan 
spruce, lodgepole pine, and ponderosa pine have shown that they can be established even 
though they do not exist in the wild plant community of the study area. Quaking aspen 
and common snowberry had below average survival rates, but are important members of 
the wild plant community and should be included in revegetation planning. Douglas-fir 
had a low survival rate, but is present in the wild plant community and specific planting 
treatments should increase this species' ability to survive. 
Differences between the pit planting and non-pitted planting techniques are not 
great enough to adopt pit planting as a general strategy. This method may be worthwhile 
when planting woods rose, common chokecherry, and common snowberry. Plants fi^om 
general nursery stocks, that are regionally adapted, had survival rates that are comparable 
with survival rates of stocks grown fi"om local seed sources. Monitoring for animal 
damage is recommended; animal repellent should be used only if animal damage is noted. 
Adequate nutrients for plant growth are available at these sites. Mortality may be 
caused by soil moisture, elevated metals, planting shock, wildlife, and other factors. These 
factors will not preclude successflil revegetation. With careful consideration of species 
selection, planting method and site features, revegetation should be successful. 
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Plant Establishment Weather Data (EPA 1993) 
TEMPERATURE 
MAY 1992 - One Hour Listings - Temperature (°F) 
Time 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 
Date 
13 44 42 38 38 41 41 44 48 50 52 53 55 58 59 59 59 60 59 58 56 53 49 48 48 
14 47 48 46 46 45 45 47 50 54 57 59 62 63 64 65 65 66 66 65 63 60 54 54 54 
15 54 54 53 51 50 50 51 52 56 58 60 61 62 61 58 59 60 62 61 58 56 54 43 37 
16 34 32 31 32 32 32 33 35 37 39 43 48 53 56 58 59 60 61 60 58 50 47 45 43 
17 42 42 45 47 47 44 45 53 58 62 66 69 71 72 73 74 74 75 73 70 69 67 61 57 
18 61 59 58 61 59 58 57 58 65 65 63 66 69 71 71 71 70 70 70 67 62 60 60 57 
19 54 49 47 46 45 44 48 52 56 60 64 68 73 74 76 76 76 75 74 70 64 60 58 56 
20 54 53 50 48 46 47 54 57 55 52 52 55 57 58 59 57 56 54 52 50 48 48 48 44 
21 43 42 42 42 41 41 41 42 42 44 45 47 50 51 52 54 54 54 52 48 45 42 40 40 
22 39 39 40 40 40 40 41 45 47 49 52 56 59 61 63 66 66 67 66 64 60 56 51 48 
23 48 47 46 44 44 45 47 49 52 55 60 66 69 70 70 70 71 71 69 68 64 63 55 51 
24 49 48 45 44 42 43 46 50 52 55 58 60 63 65 66 67 67 66 64 60 55 52 50 47 
25 42 40 40 38 38 39 44 48 53 56 60 63 65 67 69 70 71 71 71 70 63 55 53 51 
26 50 49 48 48 47 50 55 53 55 58 59 56 54 56 54 54 53 53 53 53 52 51 51 50 
27 50 49 49 49 49 50 50 51 53 54 56 57 57 59 62 62 61 62 61 60 55 49 48 53 
28 52 46 44 44 42 42 45 47 51 55 57 59 60 62 64 54 64 64 64 63 59 57 56 56 
29 56 53 52 49 47 45 46 46 46 48 51 54 57 58 57 54 55 55 56 55 54 52 51 51 
30 48 46 43 43 42 41 46 49 54 57 59 60 61 63 63 60 58 57 54 51 50 49 46 42 
31 41 41 41 39 38 38 42 46 49 52 54 57 59 60 62 63 64 64 64 63 56 53 50 47 
JUNE 1992 —One Hour Listings-Temperature (°F) 
Time 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 
Date 
1 46 45 45 44 44 46 47 51 57 62 66 68 69 70 72 73 74 74 73 72 63 60 59 59 
2 64 61 61 60 60 59 60 60 63 65 67 68 70 71 71 72 71 71 69 67 64 62 59 57 
3 55 55 52 49 48 47 51 53 57 57 59 60 61 62 63 63 63 63 62 61 59 57 53 52 
4 48 47 43 42 41 42 44 50 54 57 58 56 56 60 61 62 61 60 56 53 48 47 46 45 
5 46 47 46 46 44 43 44 46 47 48 49 48 49 50 48 47 46 48 49 48 48 46 45 44 
6 42 40 38 37 36 37 40 43 47 51 55 55 57 59 60 61 62 62 62 60 55 50 50 49 
7 48 46 46 45 43 44 47 51 56 60 62 64 66 67 69 70 70 69 68 67 62 56 53 52 
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Plant Establishment Weather Data (EPA 1993) 
PRECIPITATION 
MAY 1992 — One Hour Listings — Precipitation (inches) 
Time 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 
Date 
13 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
14 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
15 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
16 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
17 .00 .00 .00 .00 .00 .00 .02 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
18 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
19 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
20 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
21 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
22 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
23 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
24 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
25 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
26 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .12 .00 .00 .00 .00 .00 .05 .01 .00 .00 .00 .00 .00 .00 
27 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
28 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
29 .00 .00 .00 .08 .02 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
30 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .02 .02 .00 .00 .00 
31 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
JUNE 1992 - One Hour Listings - Precipitation (inches) 
Time 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 
Date 
1 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
2 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
3 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
4 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .01 .00 .00 .00 
5 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .04 .00 .00 .04 .01 .03 .00 .00 .00 .00 .00 .00 .00 
6 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
7 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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SITE SPECIFIC WEATHER OBSERVATIONS 
Recording Date Rain Gauge Reading Weather Description 
May 13, 1992 install Sunny, warm 
June 8, 1992 0.0" Partly cloudy & windy 
June 23, 1992 1.0" Sunny, hot & low wind 
July 8, 1992 1.0" Partly cloudy, rain. It. wind 
July 21, 1992 0.6" Overcast & heavy rain 
August 3, 1992 0.1" Sunny, hot, dry & windy 
August 16, 1992 0.2" Partly cloudy, hot, windy 
August 29, 1992 0.4" Partly cloudy, warm. It.wind 
September 11, 1992 trace Partly cloudy, rain, wind 
September 25, 1992 0.3" Part cloudy, rain/snow, wind 
October 9, 1992 0.6" Part cloudy, cold, high wind 
October 23, 1992 0.3" Clear, warm, light wind 
November 11, 1992 1.0" Overcast, cold, high wind 
December 11, 1992 3 — 8" snow @ site Cloudy, below freeze, wind 
January 13, 1993 6 —  10" snow @ site Clear, -7°F @ noon, calm 
February 12, 1993 5 ~ 12" snow @ site Fog, 19°F, calm to It. wind 
March 7, 1993 4 ~ 14" snow @ site Cloudy, 35°F@ noon, windy 
April 9, 1993 0.4" Part cloudy, windy, cold 
May 7, 1993 2.5" Cloudy, 35°F@ noon, windy 
June 2, 1993 1.5" Cloudy, 45°F@ noon, windy 
June 16, 1993 2.8" Cloudy, 43°F@ noon, rain 
July 1, 1993 0.8" Cloudy, 40-68°F, windy 
July 14, 1993 2.7" Cloudy, 50-63°F, rain storm 
August 1, 1993 2.1" Clear, 80°F@ noon. It. wind 
August 15, 1993 1.6" Part cloudy, 75°F, It. wind 
August 28, 1993 1.5" Cloudy, 50-60°F, rain, wind 
September 11, 1993 0.2" Cloudy, 70°F@ noon, windy 
September 30, 1993 0.1" Part cloudy, 70°F, It. wind 
APPENDIX B 
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PLANT TRIALS 1992 
SPECIES SAMPLE DATE ASPECT METHOD STATUS WT/g As Cd Ca Cu Fe Pb Mg P K Zn N 
JUNSCO #1 +5 9/12/92 SE NO PIT LIVE 8.1 20 1 4860 70 1550 11 1770 1220 6870 65 11360 
PINCON #9 + 13 9/12/92 SE NO PIT LIVE 13.9 15 1 3070 160 1000 7 1790 1340 6260 59 13210 
PINCON #11 9/12/92 SE PIT LIVE 7.1 15 3 4400 180 740 11 1480 1320 5030 77 13390 
PINCON #15 9/11/92 SW PIT LIVE 6.8 6 2 2660 28 200 <5 1200 1190 5570 54 13210 
PICENG #17 + 21 9/12/92 SE NO PIT LIVE 8.1 <5 1 3380 14 120 <5 1400 2100 6000 21 5030 
PICENG #19 9/12/92 SE PIT LIVE 5.1 <5 1 3590 18 160 <5 1380 1960 5800 19 12020 
PINFLE #26 9/12/92 SE NO PIT DEAD 7.9 7 1 3720 90 450 7 1120 1160 6880 35 13020 
PNFLE #26 + 29 9/12/92 SE NO PIT LIVE 7.3 10 1 2690 26 240 <5 1090 1170 7260 22 10900 
PINPON #33 + 37 9/12/92 SE NO PIT LIVE 5.8 <5 1 1430 12 110 <5 900 1660 10700 34 12390 
PINPON #39 9/11/92 SW PIT LIVE 5.3 <5 2 1900 12 120 <5 1000 1470 7080 43 10120 
PSEMEN #58 9/12/92 SE NO PIT DEAD 6.5 16 1 4810 200 420 11 1310 2340 4890 77 13240 
PSEMEN #57 + 61 9/12/92 SE NO PIT LIVE 1.1 130 2 3640 47 175 <5 1390 1550 7280 52 * 
ROSWOO #66 9/12/92 SE NO PIT DEAD 0.9 28 5 13400 880 890 35 1850 1890 4270 160 * 
ROSWOO #65 + 69 9/12/92 SE NO PIT LIVE 3.2 8 1 14200 40 210 <5 2940 1180 8440 21 11740 
ROSWOO #67 9/12/92 SE PIT LIVE 3.8 10 1 14700 110 530 <5 3120 970 5640 27 11990 
SYMALB #73 + 77 9/12/92 SE NO PIT LIVE 4 6 1 11300 66 160 <5 2430 760 16500 43 11080 
SYMALB #79 9/11/92 SW PIT LIVE 3.8 5 1 11000 30 110 <5 2640 820 19400 56 10770 
POPTRE #42 9/12/92 SE NO PIT DEAD 0.5 10 11300 49 570 8 2930 1340 10600 120 * 
POPTRE #41 +45 9/12/92 SE NO PIT LIVE 2.6 11 1 9500 32 230 <5 2430 1350 12700 130 14080 
PRUVIR #49 + 53 9/12/92 SE NO PIT LIVE 17.8 6 1 21600 32 150 <5 3870 1120 5740 34 20110 
PRUVIR #51 9/12/92 SE PIT LIVE 11.1 <5 1 21800 34 160 <5 3420 1050 3970 22 20290 
PRUVIR #55 9/11/92 SW PIT LIVE 9.8 <5 1 16100 19 110 <5 3510 1200 7370 31 18670 
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WILD PLANT SAMPLES 1992 
ASPECT DATE SPECIES STAGE STATUS PART TYPE As Cd Ca Cu Fe Pb Mg P K Zn N SAMPLE 
SE 9/12/92 JUNSCO MATURE LIVE LEAVES <5 1 12000 9 93 <5 1580 900 5710 70 10580 #112 
SE 9/12/92 PINFLE MATURE LIVE LEAVES <5 1 2450 5 54 <5 1000 1070 4200 39 8990 #114 
SE 9/12/92 POPTRE MATURE LIVE STEM STUNT <5 3 18700 20 98 <5 1280 420 5160 120 4280 #92 
SE 9/12/92 POPTRE MATURE NEW DEAD STEM NORM <5 3 15800 26 97 <5 1200 560 4820 130 6520 #88 
SE 9/12/92 POPTRE MATURE NEW DEAD STEM STUNT <5 3 17400 28 170 <5 830 290 3130 110 4180 #93 
SE 9/12/92 POPTRE MATURE OLD DEAD STEM NORM <5 2 5650 57 220 8 270 140 420 87 4120 #89 
SE 9/12/92 POPTRE MATURE OLD DEAD STEM STUNT <5 2 4730 85 250 13 180 110 350 62 3810 #94 
SE 9/12/92 POPTRE SPROUT LIVE LEAVES NORM <5 5 16200 10 160 <5 2860 1260 11500 320 11110 #90 
SE 9/12/92 POPTRE SPROUT LIVE LEAVES STUNT 8 8 15700 13 72 <5 3390 1240 6750 240 8180 #95 
SE 9/12/92 PRUVIR MATURE LIVE LEAVES <5 1 33500 11 200 <5 4030 270 3950 15 1720 #124 
SE 9/12/92 PRUVIR MATURE NEW DEAD STEM <5 1 15200 21 140 <5 530 290 2130 52 6280 #126 
SE 9/12/92 PRUVIR MATURE OLD DEAD STEM <5 11700 120 670 18 370 180 450 67 6340 #127 
SE 9/12/92 PRUVIR SPROUT LIVE LEAVES <5 1 30500 36 310 <5 4480 340 3840 21 6150 #128 
SE 9/12/92 SYMALB MATURE LIVE LEAVES <5 1 5960 44 120 <5 2220 600 15200 66 11430 #101 
SE 9/12/92 SYMALB MATURE NEW DEAD STEM <5 1 8280 140 600 12 1130 410 8860 110 12610 #103 
SE 9/12/92 SYMALB MATURE OLD DEAD STEM 26 4230 150 670 11 480 200 3310 90 * #104 
SE 9/12/92 SYMALB SPROUT LIVE LEAVES 12 1 13700 110 220 <5 2180 610 17500 110 12740 #105 
SW 9/11/92 JUNSCO MATURE LIVE LEAVES <5 1 12800 10 160 <5 1610 930 5490 71 9400 #111 
SW 9/11/92 PINFLE MATURE LIVE LEAVES <5 1 3000 5 50 <5 980 990 4290 38 11710 #113 
SW 9/11/92 PRUVIR MATURE LIVE LEAVES <5 1 31400 10 180 <5 3960 320 4770 20 6870 #119 
SW 9/11/92 PRUVIR MATURE NEW DEAD STEM <5 1 14900 17 150 <5 470 260 1700 44 6520 #121 
SW 9/11/92 PRUVIR MATURE OLD DEAD STEM <5 1 8450 120 560 18 380 170 430 75 5310 #122 
SW 9/11/92 PRUVIR SPROUT LIVE LEAVES <5 1 31600 22 170 <5 4190 380 4480 22 1620 #123 
SW 9/11/92 SYMALB MATURE LIVE LEAVES <5 1 13000 20 110 <5 2070 610 15700 73 14550 #96 
SW 9/11/92 SYMALB MATURE NEW DEAD STEM <5 1 6310 73 280 6 1000 310 6280 94 6930 #98 
SW 9/11/92 SYMALB MATURE OLD DEAD STEM 6 4 4680 170 290 10 710 200 3360 73 4680 #99 
SW 9/11/92 SYMALB SPROUT LIVE LEAVES <5 1 15300 44 150 <5 2430 630 20300 110 5780 #100 
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SOIL SAMPLES 1992 
DATE SAMPLE SITE LOCATE DEPTH PH As Cd Ca Cu Fe Pb Mg P K Zn N 
11/13/92 #S 1 SE NORTH 2" 7.3 380 20 5080 3270 14700 312 3790 <10 1140 1060 1690 
11/13/92 #S 3 SE CENTER 2" 7.2 1170 19 2140 4630 28500 350 3680 <10 1260 830 970 
11/13/92 #S 5 SE SOUTH 2" 8.3 400 15 18500 3230 14400 220 4230 <10 1110 800 1030 
11/13/92 #S 2 SE NORTH 8" 7.1 55 4 10000 660 12900 25 5420 120 910 420 1160 
11/13/92 #S 4 SE CENTER 8" 6.2 17 2 1630 1850 11700 11 6000 <10 960 270 1160 
11/13/92 #S 6 SE SOUTH 8" 7.8 130 3 3680 430 15400 25 4700 180 900 300 1500 
11/13/92 #S 7 SW NORTH 2" 6.5 460 9 1740 1560 10700 160 2000 210 1980 270 1590 
11/13/92 #S 9 SW CENTER 2" 6.5 420 7 1250 2250 14400 170 1750 95 1580 410 1370 
11/13/92 #S 11 SW SOUTH 2" 6.8 430 8 1200 1710 10500 180 1400 680 1270 350 1310 
11/13/92 #S 8 SW NORTH 8" 7.6 23 1 5360 240 8840 12 3970 250 1380 120 1060 
11/13/92 #S 10 SW CENTER 8" 6.7 33 2 2320 1570 11500 17 2890 79 2470 200 1560 
11/13/92 #S 12 SW SOUTH 8" 7.1 29 4 1990 1480 9520 22 2270 600 1570 230 1440 
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PLANT TRL\.LS 1993 
SPECIES SAMPLE DATE ASPECT METHOD STATUS As Cd Ca Cu Fe Pb Mg P K Zn N 
PINFLE 1 8/28/93 SE PIT LIVE 19 <1 3040 46 410 <5 970 1000 4270 18 6800 
PINFLE 2 8/28/93 SE NO PIT LIVE 22 <1 2850 53 230 <5 860 770 3830 28 7620 
PINFLE 3 8/28/93 SW PIT LIVE 10 < 1 3210 14 94 <5 940 1300 5520 53 10020 
PINFLE 4 8/28/93 SW NO PIT LIVE 22 <1 2280 19 79 <5 790 1090 4740 40 6420 
ROSWOO 5 8/28/93 SE PIT LIVE 12 <1 14500 140 290 7 2750 1040 6410 39 12080 
ROSWOO 6 8/28/93 SE NO PIT LIVE 15 <1 13900 170 510 8 2520 1070 6240 45 14370 
JUNSCO 7 8/28/93 SE PIT LIVE 8 < 1 4930 72 320 7 970 950 4510 39 10450 
PRUVIR 8 8/28/93 SE PIT LIVE 8 <1 27900 100 260 6 4980 620 2340 23 8160 
PRUVIR 9 8/28/93 SE NO PIT LIVE 16 <1 24900 200 410 7 3960 450 2810 39 15510 
PRUVIR 10 8/28/93 SW PIT LIVE <5 <1 20400 42 110 <5 3740 920 5470 28 10830 
PRUVIR 11 8/28/93 SW NO PIT LIVE <5 <1 18400 13 70 <5 2590 840 5230 47 10830 
PINCON 12 8/28/93 SW PIT LIVE <5 < 1 1840 17 81 <5 970 1240 5120 65 14810 
PINCON 18 8/28/93 SW NO PIT LIVE <5 <1 2450 8 46 <5 910 1320 5340 62 15840 
PINCON 13 8/28/93 SW PIT LIVE <5 <1 1880 11 60 <5 850 1450 6360 50 15680 
SYMALB 14 8/28/93 SW PIT LIVE <5 <1 12100 30 94 <5 2620 930 13800 64 11490 
POPTRE 15 8/28/93 SE NO PIT LIVE 7 2 11200 24 150 6 1540 860 8040 38 8600 
POPTRE 19 8/28/93 SW NO PIT LIVE 6 1 5980 16 66 5 1360 940 9990 220 10020 
PICENG 16 8/28/93 SE PIT LIVE 7 <1 4970 85 250 6 1060 1210 4750 35 7950 
PICENG 17 8/28/93 SE NO PIT LIVE 10 <1 4600 160 280 8 850 1000 5500 50 8980 
PRUVIR 20 8/28/93 GEN -- BERRIES <5 <1 -- <5 - <5 -- -- -- 9 -
115 
APPENDIX C 
PLANT MONITORING DATA SUMMARY 
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TRIAL PLANT SURVIVAL DATA SUMMARY 
METH SPECIES ASP 5/13 
92 
6/23 
93 
7/9 
92 
7/22 
92 
8/3 
92 
8/16 
92 
8/29 
92 
9/11 
92 
9/25 
92 
10/4 
92 
10/23 
92 
11/13 
92 
12/11 
92 
1/13 
93 
2/12 
93 
3/7 
93 
4/9 
93 
5/7 
93 
6/2 
93 
6/16 
93 
7/1 
93 
7/14 
93 
8/1 
93 
8/15 
93 
8/28 
93 
9/11 
93 
9/30 
93 
NO PIT JUNSCO SE 100% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 92% 88% 88% 88% 88% 88% 88% 88% 88% 
PIT JUNSCO SE 100% 95% 95% 95% 91% 91% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 89% 
NO PIT JUNSCO SW 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
PIT JUNSCO SW 100% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 
NO PIT PINCON SE 100% 78% 78% 76% 74% 70% 66% 66% 66% 64% 64% 64% 64% 64% 64% 64% 64% 38% 32% 32% 14% 14% 14% 14% 14% 14% 14% 
PIT PINCON SE 100% 98% 98% 98% 96% 96% 94% 94% 94% 86% 86% 86% 86% 86% 86% 86% 86% 56% 50% 50% 14% 14% 14% 14% 14% 14% 14% 
NO PIT PINCON SW 100% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 
PIT PINCON SW 100% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 
NO PIT PICENG SE 100% 82% 80% 62% 52% 48% 48% 48% 48% 44% 44% 44% 44% 44% 44% 44% 44% 42% 42% 42% 42% 42% 42% 42% 42% 42% 42% 
PIT PICENG SE 100% 92% 92% 88% 84% 76% 66% 66% 66% 58% 56% 54% 54% 54% 54% 54% 54% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 
NO PIT PICENG SW 100% 100% 100% 100% 100% 100% 100% 100% 100% 96% 96% 96% 96% 96% 96% 96% 96% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 
PIT PICENG SW 100% 100% 100% 100% 98% 98% 96% 96% 96% 96% 94% 94% 94% 94% 94% 94% 94% 94% 88% 86% 86% 86% 86% 86% 86% 86% 86% 
NO PIT PINFLE SE 100% 96% 95% 93% 91% 91% 88% 88% 86% 86% 86% 86% 86% 86% 86% 86% 86% 86% 84% 84% 84% 84% 84% 84% 84% 84% 84% 
PIT PINFLE SE 100% 98% 94% 94% 90% 88% 88% 86% 86% 86% 86% 84% 84% 84% 84% 84% 84% 80% 78% 78% 78% 78% 78% 78% 78% 78% 78% 
NO PIT PINFLE SW 100% 98% 98% 98% 98% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 
PIT PINFLE SW 100% 96% 96% 96% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 94% 
NO PIT PINPON SE 100% 96% 96% 96% 96% 96% 96% 96% 92% 88% 86% 86% 86% 86% 86% 86% 86% 54% 46% 46% 16% 14% 14% 14% 14% 14% 14% 
PIT PINPON SE 100% 94% 94% 94% 94% 94% 92% 92% 92% 90% 90% 90% 90% 90% 90% 90% 90% 52% 9% 9% 0% 0% 0% 0% 0% 0% 0% 
NO PIT PINPON SW 100% 80% 76% 74% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 66% 64% 64% 64% 64% 64% 64% 64% 64% 
PIT PINPON SW 100% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 
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Trial Plant Survival Data Summary Continued 
METH SPECIES ASP 5/13 
92 
6/23 
92 
7/9 
92 
7/22 
92 
8/3 
92 
8/16 
92 
8/29 
92 
9/11 
92 
9/25 
92 
10/4 
92 
10/23 
92 
11/13 
92 
12/11 
92 
1/13 
93 
2/12 
93 
3/7 
93 
4/9 
93 
5/7 
93 
6/2 
93 
6/16 
93 
7/1 
93 
7/14 
93 
8/1 
93 
8/15 
93 
8/28 
93 
9/11 
93 
9/30 
93 
NO PIT POPTRE SE 100% 56% 52% 48% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 
PIT POPTRE SE 100% 48% 44% 36% 32% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 
NO PIT POPTRE SW 100% 92% 88% 88% 88% 84% 84% 84% 84% 84% 84% 84% 84% 84% 84% 84% 84% 84% 76% 76% 76% 76% 76% 76% 76% 76% 76% 
PIT POPTRE SW 100% 92% 88% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 72% 72% 72% 72% 72% 72% 72% 72% 72% 
NO PIT PRUVIR SE 100% 86% 86% 86% 86% 84% 80% 78% 78% 78% 78% 78% 78% 78% 78% 78% 78% 78% 76% 76% 76% 76% 76% 76% 76% 76% 76% 
PIT PRUVIR SE 100% 86% 86% 88% 86% 82% 82% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 
NO PIT PRUVIR SW 100% 84% 82% 82% 82% 78% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 76% 74% 74% 74% 74% 74% 74% 74% 74% 74% 
PIT PRUVIR SW 100% 94% 94% 94% 92% 92% 92% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 90% 
NO PIT PSEMEN SE 100% 30% 32% 32% 32% 32% 32% 28% 28% 28% 28% 28% 28% 28% 28% 28% 28% 24% 26% 26% 28% 28% 28% 28% 28% 28% 28% 
PIT PSEMEN SE 100% 22% 32% 38% 34% 34% 30% 26% 26% 26% 26% 26% 26% 26% 26% 26% 26% 20% 22% 22% 22% 22% 22% 22% 22% 22% 22% 
NO PIT PSEMEN SW 100% 18% 18% 32% 32% 32% 26% 26% 26% 26% 26% 26% 26% 26% 26% 26% 26% 24% 24% 30% 30% 30% 30% 30% 30% 30% 30% 
PIT PSEMEN SW 100% 29% 28% 37% 37% 37% 33% 33% 33% 33% 31% 31% 31% 31% 31% 31% 31% 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 
NO PIT ROSWOO SE 100% 60% 60% 58% 56% 48% 46% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 32% 32% 32% 32% 32% 32% 32% 32% 32% 
PIT ROSWOO SE 100% 94% 92% 92% 92% 92% 90% 88% 84% 84% 84% 84% 84% 84% 84% 84% 84% 84% 82% 82% 82% 82% 82% 82% 82% 82% 82% 
NO PIT ROSWOO SW 100% 100% 100% 100% 98% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 96% 
PIT ROSWOO SW 100% 100% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 98% 
NO PIT SYMALB SE 100% 58% 58% 56% 46% 46% 40% 38% 38% 38% 38% 38% 38% 38% 38% 38% 38% 38% 24% 24% 24% 24% 24% 24% 24% 24% 24% 
PIT SYMALB SE 100% 72% 72% 68% 62% 62% 62% 60% 60% 60% 60% 60% 60% 60% 60% 60% 60% 60% 58% 58% 58% 58% 58% 58% 58% 58% 58% 
NO PIT SYMALB SW 100% 86% 84% 84% 84% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 60% 58% 58% 58% 58% 58% 58% 58% 58% 
PIT SYMALB SW 100% 84% 80% 80% 80% 78% 78% 78% 78% 78% 78% 78% 78% 78% 78% 78% 78% 78% 74% 72% 72% 72% 72% 72% 72% 72% 72% 
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APPENDIX D 
SOIL MOISTURE DATA 
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NEUTRON PROBE SOIL MOISTURE DETERMINATION 
%H20 FROM GRAVIMETRIC DATA AND 
PREDICTION USING SEMILOG EQUATION 
CM 
z 
45% 
40% 
35% 
30% 
25% 
20% 
15% 
10% 
5% 
0% 
• GRAVIMETRIC DATA 
• PREDICTION USING SEMILOG 
EQUATION 
• n 
0.00 0.50 1.00 1.50 
SCR 
2.00 2.50 
Regression Statistics 
Multiple R 
R Square 
Adjusted R Square 
Standard Error 
Observations 
0.9338 
0.8721 
0.8657 
0.1719 
22 
Analysis of Variance 
df Sum of Squares l\/lean Square F Significance F 
Regression 
Residual 
Total 
1 
20 
21 
4.0300 
0.5913 
4.6212 
4.0300 136.3199 
0.0296 
0.0000 
Coefficients Standard Error t Statistic P-vaiue Lower 95% Upper 95% 
Intercept 
x1 
-2.9632 
0.9905 
0.1226 
0.0848 
-24.1655 
11.6756 
0.0000 
0.0000 
-3.2190 
0.8135 
-2.7074 
1.1674 
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SUMMARY OF 8 INCH SOIL MOISTURE 
SE-Kg SE-2 (g ,8" SE-3@ ̂ 8" SW-1 (5 )8" SW-2 @ 8'' 
5/13/92 13% 5/13/92 12% 5/13/92 12% 5/13/92 27% 5/13/92 27% 
5/26/92 12% 5/26/92 11% 5/26/92 10% 5/26/92 28% 5/26/92 24% 
6/8/92 11% 6/8/92 10% 6/8/92 8% 6/8/92 28% 6/8/92 24% 
6/23/92 13% 6/23/92 12% 6/23/92 11% 6/23/92 29% 6/23/92 25% 
7/8/92 12% 7/8/92 11% 7/8/92 8% 7/8/92 28% 7/8/92 26% 
7/22/92 11% 7/22/92 11% 7/22/92 8% 7/22/92 28% 7/22/92 26% 
8/3/92 8% 8/3/92 10% 8/3/92 7% 8/3/92 20% 8/3/92 24% 
8/16/92 9% 8/16/92 7% 8/16/92 5% 8/16/92 24% 8/16/92 20% 
8/29/92 11% 8/29/92 10% 8/29/92 10% 8/29/92 26% 8/29/92 22% 
9/11/92 11% 9/11/92 10% 9/11/92 10% 9/11/92 26% 9/11/92 22% 
9/25/92 11% 9/25/92 10% 9/25/92 9% 9/25/92 26% 9/25/92 23% 
10/9/92 11% 10/9/92 10% 10/9/92 10% 10/9/92 28% 10/9/92 23% 
10/23/92 11% 10/23/92 10% 10/23/92 10% 10/23/92 28% 10/23/92 24% 
11/13/92 14% 11/13/92 11% 11/13/92 12% 11/13/92 28% 11/13/92 25% 
12/11/92 14% 12/11/92 11% 12/11/92 13% 12/11/92 28% 12/11/92 25% 
1/13/93 13% 1/13/93 11% 1/13/93 12% 1/13/93 25% 1/13/93 23% 
2/12/93 16% 2/12/93 11% 2/12/93 11% 2/12/93 28% 2/12/93 26% 
3/7/93 16% 3/7/93 11% 3/7/93 12% 3/7/93 25% 3/7/93 24% 
4/9/93 15% 4/9/93 12% 4/9/93 14% 4/9/93 27% 4/9/93 28% 
5/7/93 17% 5/7/93 14% 5/7/93 15% 5/7/93 27% 5/7/93 25% 
6/2/93 17% 6/2/93 14% 6/2/93 15% 6/2/93 27% 6/2/93 25% 
6/16/93 17% 6/16/93 15% 6/16/93 15% 6/16/93 28% 6/16/93 25% 
7/1/93 14% 7/1/93 11% 7/1/93 12% 7/1/93 27% 7/1/93 23% 
7/14/93 15% 7/14/93 12% 7/14/93 13% 7/14/93 28% 7/14/93 24% 
8/1/93 14% 8/1/93 11% 8/1/93 13% 8/1/93 27% 8/1/93 24% 
8/15/93 15% 8/15/93 11% 8/15/93 14% 8/15/93 26% 8/15/93 24% 
8/28/93 15% 8/28/93 11% 8/28/93 14% 8/28/93 24% 8/28/93 24% 
9/11/93 14% 9/11/93 11% 9/11/93 13% 9/11/93 26% 9/11/93 23% 
9/30/93 13% 9/30/93 10% 9/30/93 11% 9/30/93 25% 9/30/93 23% 
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SUMMARY OF 12 INCH SOIL MOISTURE 
SE-1@ 12'' SE-2@ 12'' SE-3@ 12" SW-l(g U2" SW-2@ ,12" 
5/13/92 14% 5/13/92 13% 5/13/92 15% 5/13/92 32% 5/13/92 32% 
5/26/92 13% 5/26/92 13% 5/26/92 12% 5/26/92 33% 5/26/92 32% 
6/8/92 13% 6/8/92 13% 6/8/92 13% 6/8/92 36% 6/8/92 35% 
6/23/92 13% 6/23/92 13% 6/23/92 13% 6/23/92 30% 6/23/92 30% 
7/8/92 13% 7/8/92 13% 7/8/92 12% 7/8/92 34% 7/8/92 34% 
7/22/92 12% 7/22/92 12% 7/22/92 12% 7/22/92 33% 7/22/92 33% 
8/3/92 11% 8/3/92 11% 8/3/92 12% 8/3/92 30% 8/3/92 29% 
8/16/92 12% 8/16/92 11% 8/16/92 10% 8/16/92 32% 8/16/92 27% 
8/29/92 11% 8/29/92 11% 8/29/92 10% 8/29/92 30% 8/29/92 29% 
9/11/92 11% 9/11/92 11% 9/11/92 10% 9/11/92 30% 9/11/92 29% 
9/25/92 12% 9/25/92 10% 9/25/92 10% 9/25/92 33% 9/25/92 31% 
10/9/92 11% 10/9/92 11% 10/9/92 10% 10/9/92 30% 10/9/92 29% 
10/23/92 12% 10/23/92 12% 10/23/92 11% 10/23/92 31% 10/23/92 31% 
11/13/92 13% 11/13/92 11% 11/13/92 12% 11/13/92 33% 11/13/92 31% 
12/11/92 13% 12/11/92 12% 12/11/92 12% 12/11/92 34% 12/11/92 31% 
1/13/93 12% 1/13/93 11% 1/13/93 12% 1/13/93 31% 1/13/93 29% 
2/12/93 15% 2/12/93 12% 2/12/93 11% 2/12/93 28% 2/12/93 28% 
3/7/93 15% 3/7/93 12% 3/7/93 11% 3/7/93 29% 3/7/93 28% 
4/9/93 16% 4/9/93 14% 4/9/93 16% 4/9/93 29% 4/9/93 28% 
5/7/93 18% 5/7/93 16% 5/7/93 18% 5/7/93 29% 5/7/93 29% 
6/2/93 17% 6/2/93 16% 6/2/93 19% 6/2/93 30% 6/2/93 29% 
6/16/93 18% 6/16/93 16% 6/16/93 18% 6/16/93 30% 6/16/93 30% 
7/1/93 15% 7/1/93 11% 7/1/93 15% 7/1/93 29% 7/1/93 28% 
7/14/93 15% 7/14/93 12% 7/14/93 15% 7/14/93 30% 7/14/93 29% 
8/1/93 15% 8/1/93 11% 8/1/93 15% 8/1/93 29% 8/1/93 28% 
8/15/93 15% 8/15/93 13% 8/15/93 15% 8/15/93 29% 8/15/93 28% 
8/28/93 15% 8/28/93 13% 8/28/93 16% 8/28/93 29% 8/28/93 28% 
9/11/93 16% 9/11/93 14% 9/11/93 15% 9/11/93 29% 9/11/93 27% 
9/30/93 14% 9/30/93 13% 9/30/93 14% 9/30/93 28% 9/30/93 27% 
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SUMMARY OF 18 INCH SOIL MOISTURE 
SE-1@ 18'' SE-2 @ 18" SE-3 @ 18" SW-1@ ,18" SW-2@ 18" 
5/13/92 13% 5/13/92 12% 5/13/92 19% 5/13/92 31% 5/13/92 
5/26/92 12% 5/26/92 12% 5/26/92 14% 5/26/92 32% 5/26/92 
6/8/92 12% 6/8/92 12% 6/8/92 17% 6/8/92 35% 6/8/92 
6/23/92 11% 6/23/92 12% 6/23/92 15% 6/23/92 29% 6/23/92 
7/8/92 11% 7/8/92 12% 7/8/92 15% 7/8/92 33% 7/8/92 
7/22/92 11% 7/22/92 12% 7/22/92 15% 7/22/92 33% 7/22/92 
8/3/92 11% 8/3/92 11% 8/3/92 15% 8/3/92 30% 8/3/92 -
8/16/92 11% 8/16/92 11% 8/16/92 13% 8/16/92 31% 8/16/92 
8/29/92 11% 8/29/92 11% 8/29/92 13% 8/29/92 30% 8/29/92 
9/11/92 11% 9/11/92 11% 9/11/92 13% 9/11/92 30% 9/11/92 
9/25/92 11% 9/25/92 10% 9/25/92 14% 9/25/92 33% 9/25/92 
10/9/92 11% 10/9/92 11% 10/9/92 13% 10/9/92 31% 10/9/92 
10/23/92 11% 10/23/92 11% 10/23/92 14% 10/23/92 32% 10/23/92 
11/13/92 11% 11/13/92 11% 11/13/92 14% 11/13/92 33% 11/13/92 
12/11/92 11% 12/11/92 11% 12/11/92 14% 12/11/92 34% 12/11/92 -
1/13/93 11% 1/13/93 11% 1/13/93 13% 1/13/93 31% 1/13/93 -
2/12/93 12% 2/12/93 9% 2/12/93 13% 2/12/93 28% 2/12/93 
3/7/93 12% 3/7/93 9% 3/7/93 13% 3/7/93 28% 3/7/93 
4/9/93 14% 4/9/93 12% 4/9/93 20% 4/9/93 28% 4/9/93 
5/7/93 17% 5/7/93 14% 5/7/93 22% 5/7/93 29% 5/7/93 -
6/2/93 17% 6/2/93 15% 6/2/93 21% 6/2/93 29% 6/2/93 
6/16/93 17% 6/16/93 15% 6/16/93 22% 6/16/93 29% 6/16/93 
7/1/93 15% 7/1/93 14% 7/1/93 20% 7/1/93 29% 7/1/93 
7/14/93 15% 7/14/93 14% 7/14/93 20% 7/14/93 29% 7/14/93 -
8/1/93 15% 8/1/93 14% 8/1/93 19% 8/1/93 29% 8/1/93 
8/15/93 15% 8/15/93 12% 8/15/93 19% 8/15/93 29% 8/15/93 -
8/28/93 15% 8/28/93 12% 8/28/93 19% 8/28/93 29% 8/28/93 
9/11/93 15% 9/11/93 13% 9/11/93 19% 9/11/93 29% 9/11/93 
9/30/93 13% 9/30/93 12% 9/30/93 19% 9/30/93 28% 9/30/93 
— Test holes were not established at this depth. 
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SUMMARY OF 24 INCH SOIL MOISTURE 
SE-1@ 24" SE-2@ 24'' SE.3@ 24" SW-l(g )24" SW-2 @ 24" 
5/13/92 12% 5/13/92 11% 5/13/92 22% 5/13/92 24% 5/13/92 
5/26/92 12% 5/26/92 11% 5/26/92 21% 5/26/92 35% 5/26/92 
6/8/92 12% 6/8/92 11% 6/8/92 21% 6/8/92 38% 6/8/92 
6/23/92 11% 6/23/92 10% 6/23/92 18% 6/23/92 34% 6/23/92 
7/8/92 11% 7/8/92 10% 7/8/92 19% 7/8/92 38% 7/8/92 
7/22/92 12% 7/22/92 11% 7/22/92 18% 7/22/92 38% 7/22/92 
8/3/92 11% 8/3/92 10% 8/3/92 17% 8/3/92 32% 8/3/92 
8/16/92 11% 8/16/92 10% 8/16/92 16% 8/16/92 33% 8/16/92 
8/29/92 11% 8/29/92 10% 8/29/92 16% 8/29/92 35% 8/29/92 
9/11/92 11% 9/11/92 10% 9/11/92 16% 9/11/92 30% 9/11/92 
9/25/92 12% 9/25/92 12% 9/25/92 17% 9/25/92 37% 9/25/92 
10/9/92 11% 10/9/92 10% 10/9/92 16% 10/9/92 32% 10/9/92 
10/23/92 12% 10/23/92 10% 10/23/92 16% 10/23/92 38% 10/23/92 
11/13/92 13% 11/13/92 10% 11/13/92 17% 11/13/92 38% 11/13/92 
12/11/92 12% 12/11/92 10% 12/11/92 16% 12/11/92 35% 12/11/92 
1/13/93 12% 1/13/93 10% 1/13/93 15% 1/13/93 34% 1/13/93 
2/12/93 10% 2/12/93 8% 2/12/93 11% 2/12/93 30% 2/12/93 
3/7/93 10% 3/7/93 7% 3/7/93 16% 3/7/93 29% 3/7/93 
4/9/93 14% 4/9/93 9% 4/9/93 24% 4/9/93 31% 4/9/93 
5/7/93 18% 5/7/93 12% 5/7/93 24% 5/7/93 31% 5/7/93 
6/2/93 18% 6/2/93 12% 6/2/93 24% 6/2/93 31% 6/2/93 
6/16/93 20% 6/16/93 13% 6/16/93 15% 6/16/93 32% 6/16/93 
7/1/93 17% 7/1/93 13% 7/1/93 22% 7/1/93 32% 7/1/93 
7/14/93 18% 7/14/93 13% 7/14/93 20% 7/14/93 35% 7/14/93 
8/1/93 17% 8/1/93 14% 8/1/93 23% 8/1/93 33% 8/1/93 
8/15/93 18% 8/15/93 11% 8/15/93 22% 8/15/93 33% 8/15/93 
8/28/93 18% 8/28/93 11% 8/28/93 22% 8/28/93 33% 8/28/93 
9/11/93 19% 9/11/93 11% 9/11/93 23% 9/11/93 33% 9/11/93 
9/30/93 18% 9/30/93 11% 9/30/93 23% 9/30/93 33% 9/30/93 
— Test holes were not established at this depth. 
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SUMMARY OF 30 INCH SOIL MOISTURE 
SE-1 @ 30'' SE-2 @ 30 SE-3@ 30" SW-1 (S ̂ 30" SW-2@ .30" 
5/13/92 5/13/92 11% 5/13/92 24% 5/13/92 5/13/92 -
5/26/92 5/26/92 11% 5/26/92 23% 5/26/92 - 5/26/92 
6/8/92 6/8/92 11% 6/8/92 24% 6/8/92 6/8/92 
6/23/92 6/23/92 10% 6/23/92 20% 6/23/92 6/23/92 -
7/8/92 7/8/92 11% 7/8/92 21% 7/8/92 7/8/92 -
7/22/92 7/22/92 11% 7/22/92 20% 7/22/92 - 7/22/92 
8/3/92 8/3/92 10% 8/3/92 20% 8/3/92 - 8/3/92 
8/16/92 8/16/92 10% 8/16/92 18% 8/16/92 8/16/92 -
8/29/92 8/29/92 10% 8/29/92 17% 8/29/92 8/29/92 -
9/11/92 9/11/92 10% 9/11/92 17% 9/11/92 - 9/11/92 
9/25/92 9/25/92 10% 9/25/92 18% 9/25/92 - 9/25/92 
10/9/92 10/9/92 10% 10/9/92 17% 10/9/92 10/9/92 -
10/23/92 - 10/23/92 10% 10/23/92 18% 10/23/92 - 10/23/92 
11/13/92 - 11/13/92 10% 11/13/92 18% 11/13/92 - 11/13/92 
12/11/92 - 12/11/92 10% 12/11/92 17% 12/11/92 - 12/11/92 
1/13/93 1/13/93 10% 1/13/93 18% 1/13/93 - 1/13/93 
2/12/93 2/12/93 8% 2/12/93 17% 2/12/93 2/12/93 -
3/7/93 3/7/93 8% 3/7/93 17% 3/7/93 - 3/7/93 
4/9/93 4/9/93 8% 4/9/93 25% 4/9/93 - 4/9/93 
5/7/93 5/7/93 12% 5/7/93 25% 5/7/93 5/7/93 -
6/2/93 6/2/93 12% 6/2/93 25% 6/2/93 - 6/2/93 
6/16/93 6/16/93 12% 6/16/93 25% 6/16/93 -- 6/16/93 
7/1/93 7/1/93 11% 7/1/93 23% 7/1/93 7/1/93 
7/14/93 7/14/93 12% 7/14/93 24% 7/14/93 - 7/14/93 --
8/1/93 8/1/93 12% 8/1/93 24% 8/1/93 - 8/1/93 
8/15/93 8/15/93 11% 8/15/93 23% 8/15/93 - 8/15/93 
8/28/93 8/28/93 11% 8/28/93 23% 8/28/93 - 8/28/93 
9/11/93 9/11/93 12% 9/11/93 24% 9/11/93 " 9/11/93 
9/30/93 9/30/93 12% 9/30/93 24% 9/30/93 - 9/30/93 
— Test holes were not established at this depth. 
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SUMMARY OF 36 INCH SOIL MOISTURE 
SE-1 @ 36'' SE-2 @ 36" SE-3 @ 36" SW-l(g )36" SW-2(g >36" 
5/13/92 5/13/92 14% 5/13/92 24% 5/13/92 - 5/13/92 -
5/26/92 5/26/92 14% 5/26/92 24% 5/26/92 5/26/92 
6/8/92 6/8/92 15% 6/8/92 25% 6/8/92 6/8/92 
6/23/92 6/23/92 13% 6/23/92 21% 6/23/92 6/23/92 
7/8/92 7/8/92 15% 7/8/92 23% 7/8/92 7/8/92 
7/22/92 7/22/92 15% 7/22/92 22% 7/22/92 7/22/92 
8/3/92 8/3/92 13% 8/3/92 20% 8/3/92 8/3/92 
8/16/92 8/16/92 13% 8/16/92 20% 8/16/92 8/16/92 
8/29/92 8/29/92 12% 8/29/92 19% 8/29/92 -- 8/29/92 -
9/11/92 9/11/92 12% 9/11/92 19% 9/11/92 - 9/11/92 
9/25/92 9/25/92 13% 9/25/92 20% 9/25/92 - 9/25/92 
10/9/92 10/9/92 11% 10/9/92 19% 10/9/92 10/9/92 -
10/23/92 - 10/23/92 13% 10/23/92 19% 10/23/92 - 10/23/92 
11/13/92 -- 11/13/92 13% 11/13/92 20% 11/13/92 11/13/92 
12/11/92 - 12/11/92 13% 12/11/92 20% 12/11/92 12/11/92 
1/13/93 1/13/93 12% 1/13/93 20% 1/13/93 - 1/13/93 
2/12/93 2/12/93 11% 2/12/93 19% 2/12/93 - 2/12/93 
3/7/93 3/7/93 11% 3/7/93 19% 3/7/93 3/7/93 -
4/9/93 4/9/93 13% 4/9/93 26% 4/9/93 - 4/9/93 
5/7/93 5/7/93 17% 5/7/93 26% 5/7/93 - 5/7/93 -
6/2/93 6/2/93 17% 6/2/93 26% 6/2/93 6/2/93 -
6/16/93 6/16/93 18% 6/16/93 26% 6/16/93 6/16/93 
7/1/93 7/1/93 18% 7/1/93 25% 7/1/93 7/1/93 
7/14/93 7/14/93 18% 7/14/93 25% 7/14/93 - 7/14/93 -
8/1/93 8/1/93 18% 8/1/93 25% 8/1/93 8/1/93 
8/15/93 8/15/93 17% 8/15/93 25% 8/15/93 8/15/93 
8/28/93 8/28/93 17% 8/28/93 25% 8/28/93 8/28/93 
9/11/93 9/11/93 17% 9/11/93 25% 9/11/93 9/11/93 
9/30/93 9/30/93 17% 9/30/93 25% 9/30/93 - 9/30/93 
— Test holes were not established at this depth. 
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SUMMARY OF 42 INCH SOIL MOISTURE 
SE-1@ 42'' SE-2 @ 42'' SE-3@ 42" SW-1 @ 42" SW-2(g M2" 
5/13/92 - 5/13/92 - 5/13/92 25% 5/13/92 5/13/92 
5/26/92 - 5/26/92 -- 5/26/92 25% 5/26/92 5/26/92 
6/8/92 6/8/92 6/8/92 27% 6/8/92 6/8/92 -
6/23/92 -- 6/23/92 6/23/92 23% 6/23/92 6/23/92 -
7/8/92 - 7/8/92 7/8/92 25% 7/8/92 7/8/92 -
7/22/92 7/22/92 7/22/92 25% 7/22/92 7/22/92 
8/3/92 8/3/92 8/3/92 24% 8/3/92 8/3/92 -
8/16/92 8/16/92 8/16/92 23% 8/16/92 8/16/92 
8/29/92 8/29/92 - 8/29/92 22% 8/29/92 8/29/92 
9/11/92 9/11/92 9/11/92 22% 9/11/92 9/11/92 
9/25/92 9/25/92 - 9/25/92 24% 9/25/92 9/25/92 
10/9/92 10/9/92 - 10/9/92 22% 10/9/92 10/9/92 
10/23/92 -- 10/23/92 - 10/23/92 23% 10/23/92 10/23/92 
11/13/92 -- 11/13/92 - 11/13/92 23% 11/13/92 11/13/92 
12/11/92 - 12/11/92 - 12/11/92 23% 12/11/92 12/11/92 
1/13/93 1/13/93 - 1/13/93 21% 1/13/93 1/13/93 
2/12/93 - 2/12/93 2/12/93 22% 2/12/93 2/12/93 -
3/7/93 - 3/7/93 3/7/93 22% 3/7/93 3/7/93 
4/9/93 - 4/9/93 4/9/93 27% 4/9/93 4/9/93 -
5/7/93 5/7/93 5/7/93 27% 5/7/93 5/7/93 
6/2/93 6/2/93 6/2/93 27% 6/2/93 6/2/93 
6/16/93 - 6/16/93 6/16/93 27% 6/16/93 6/16/93 
7/1/93 - 7/1/93 7/1/93 27% 7/1/93 7/1/93 
7/14/93 7/14/93 - 7/14/93 27% 7/14/93 7/14/93 
8/1/93 - 8/1/93 8/1/93 27% 8/1/93 8/1/93 
8/15/93 8/15/93 8/15/93 26% 8/15/93 8/15/93 
8/28/93 8/28/93 - 8/28/93 26% 8/28/93 8/28/93 -
9/11/93 -- 9/11/93 9/11/93 27% 9/11/93 9/11/93 
9/30/93 9/30/93 - 9/30/93 27% 9/30/93 9/30/93 
— Test holes were not established at this depth. 
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SUMMARY OF 48 INCH SOIL MOISTURE 
SE-1 @ 48'' SE-2 @ 48" SE-3@ ,48" SW-1(S SW-2 @ 48" 
5/13/92 5/13/92 5/13/92 22% 5/13/92 5/13/92 
5/26/92 5/26/92 5/26/92 22% 5/26/92 - 5/26/92 
6/8/92 6/8/92 6/8/92 27% 6/8/92 6/8/92 
6/23/92 6/23/92 6/23/92 24% 6/23/92 -- 6/23/92 
7/8/92 7/8/92 7/8/92 27% 7/8/92 - 7/8/92 
7/22/92 7/22/92 7/22/92 26% 7/22/92 - 7/22/92 
8/3/92 8/3/92 8/3/92 8/3/92 8/3/92 
8/16/92 8/16/92 8/16/92 23% 8/16/92 - 8/16/92 
8/29/92 8/29/92 8/29/92 23% 8/29/92 - 8/29/92 
9/11/92 9/11/92 9/11/92 23% 9/11/92 - 9/11/92 
9/25/92 9/25/92 9/25/92 24% 9/25/92 - 9/25/92 
10/9/92 10/9/92 10/9/92 23% 10/9/92 10/9/92 
10/23/92 -- 10/23/92 10/23/92 24% 10/23/92 - 10/23/92 
11/13/92 - 11/13/92 11/13/92 24% 11/13/92 - 11/13/92 
12/11/92 - 12/11/92 12/11/92 27% 12/11/92 - 12/11/92 
1/13/93 1/13/93 1/13/93 25% 1/13/93 1/13/93 
2/12/93 2/12/93 2/12/93 26% 2/12/93 -- 2/12/93 
3/7/93 3/7/93 3/7/93 25% 3/7/93 3/7/93 
4/9/93 4/9/93 4/9/93 30% 4/9/93 -- 4/9/93 
5/7/93 5/7/93 5/7/93 30% 5/7/93 - 5/7/93 
6/2/93 6/2/93 6/2/93 30% 6/2/93 6/2/93 
6/16/93 6/16/93 6/16/93 31% 6/16/93 -- 6/16/93 
7/1/93 7/1/93 7/1/93 31% 7/1/93 7/1/93 
7/14/93 7/14/93 7/14/93 31% 7/14/93 7/14/93 
8/1/93 8/1/93 8/1/93 31% 8/1/93 - 8/1/93 
8/15/93 8/15/93 8/15/93 30% 8/15/93 8/15/93 
8/28/93 8/28/93 8/28/93 30% 8/28/93 8/28/93 
9/11/93 9/11/93 9/11/93 31% 9/11/93 - 9/11/93 
9/30/93 9/30/93 9/30/93 31% 9/30/93 9/30/93 
— Test holes were not established at this depth. 
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PLANT LIST 
129 
130 
UPPER AREA PLANT LIST 
Plants with no asterisk (*) have been identified at the upper study site in 1992. Plants with one asterisk 
have been identified by other investigators at the Old Works. Plants with two asterisks may be adapted to 
the area based on site conditions and the predicted climax plant conmaunity 
Community where found: TT - terrace and toe-slope grass/shrub 
FR - foothills riparian 
LJ - limber pine/juniper 
GS - grass/shrub 
BS - bare soil/sparse vegetation 
PLANTS COMMUNITY 
TREES TT FR Li GS BS 
Juniperus scopulorum Rocky Mountain Juniper X X X X 
Picea engelmannii Englemann Spruce X 
Pimis contorta Lodgepole Pine** X X 
Pinus flexilus Limber Pine X X 
Pinus ponderosa Ponderosa Pine (statetree)** X 
Populus tremuloides Quaking Aspen X 
Populus trichocarpa Black Cottonwood X 
Pseudotsuga menziesii Douglas-fir** X X X 
SHRUBS 
Amelanchier alnifolia Western Serviceberry* X X X 
Artemisia frigida Fringed Sagewort X X X 
Artemisia tridentata var. vaseyana Mountain Big Sagebrush** X X X 
Arthemisa carta Silver Sagebrush X X X 
Chrysothamnus viscidiflorus Green Rabbitbrush X X X 
Chrysothamnus nauseosus Rubber Rabbitbrush X X X 
Cornus stolonifera Red-osier Dogwood 
Juniperus horizontalis Creeping Juniper 
Prunus virginiana Common Chokecherry X X X 
Ribes lacustre Swamp Currant X X 
Rosa woodsii Woods Rose X X X 
Salix bebbiana Bebb Willow 
Salix boothii Booth Willow** X 
Salix exigua Sandbar Willow X 
Symphoricarpos albus Common Snowberry X X X X 
Symphoricarpos occidentalis Western Snowberry X X X X 
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Upper Area Plant List (Continued) 
WR TT FR Lj GS BS 
GRASSES AND 
GRASSLIKE PLANTS 
Agropyron dasystachyum Thickspike Wheatgrass** X X 
Agropyron smithii Western Wheatgrass X X X X 
Agropyron spicatum Bluebunch Wheatgrass** 
(STATE GRASS) 
X X 
Agrostis stolonifera Redtop X X X 
Carex filifolia Thread-leaved Sedge** X X 
Danthonia intermedia Timber Oatgrass** X X X 
Elymus cinereus Great Basin Wild Rye X X X X 
Festuca idahoensis Idaho Fescue X X X 
Festuca scabrella Rough Fescue X X X X 
Glyceria striata Fowl Mannagrass X X 
Hordeum jubatum Foxtail Barley X X X 
Koeleria cristata Prairie Junegrass** X X X 
Poa sandbergii Sandberg's Bluegrass** X X X 
Stipa comata Needle-and-thread X X 
Stipa occidentalis Small Needlegrass** X X X 
Stipa viridula Green Needlegrass** X 
FORBS 
Achillea millefolium Western Yarrow X X X X 
Allium cemuun Nodding Onion X X 
Anemone multifida CliflF Anemone** X X 
Antennaria rosea Rosy Pussy-toes X 
Apocynum androsaemifolium Spreading Dogbane X X 
Arenaria congesta Ballhead Sandwort** X 
Artemisia absinthium Common Wormwood X 
Artemisia ludoviciana Prairie Sagewort X 
Aster foliaceus Leafy Aster X X 
Aster conspicuus Showy Aster X X 
Aster falcatus White-prairie Aster X 
Aster chilensis Long-leafed Aster X X X X 
Aster spp. Aster X 
Astragalus miser Weedy Milkvetch** X X X 
Astragalus spp. Milkvetch, Locoweed X X X 
Balsamorhiza sagittata Arrowleaf Balsamroot* * X X 
Campanula rotundifolia Lady's-thimble X 
Cardaria draba Hoary Pepperwort X X 
Carduus nutans Musk Thistle X X 
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Upper Area Plant List (Continued) 
WR TT FR LJ <JS BS 
Chrysopsis villosa Hairy Golden-aster** X X X 
Comandra umbellata Bastard Toad-flax X X X 
Convolvulus arvensis Field Morning-glory X X 
Epilobium paniculatum Autumn Willow-herb X X X 
Epilobium watsonii Watson's Willow-herb X X 
Erigeron caespitosus Tufted Fleabane X X 
Eriogonum caespitosum Mat Buckwheat X 
Frasera speciosa Giant Frasera X X 
Frasera albicaulis White-stemmed Frasera X X X 
Galium boreale Northern Bedstraw X X X X X 
Grindelia squarrosa Curlycup Gumweed X X X 
Gutierrezia sarothrae Broom Snakeweed X X 
Heuchera cylindrica Roundleaf Alumroot X 
Hyoscyamus niger Black Henbane X X 
Lewisia rediviva Bitterroot (state flower) X 
Lithospermum ruderale Western Gromwell X X 
Lugodensmia junica Skeletonweed X 
Lupinus sericeus Silky Lupine X X X 
Lychnis alba White Campion X X 
Mentzelia decapetala Evening Star X X X 
Opuntia polyacantha Plains Prickly-pear Cactus X X 
Phacelia hastata Silverleaf Phacelia X X 
Phacelia sericea Silky Phacelia X X X X 
Phlox hoodii Hoods Phlox X 
Potentilla hippiana Wolly Cinquefoil X X X 
Rumex spp. Dock X X X 
Rumex crispus Curly Dock X X X 
Silene spp. Catchfly X 
Silene cucubalus Bladder Campion X X X 
Smilacina stellata Starry Solomon-plume X X X 
Sphaeralcea coccinea Scarlet Globe-mallow** X X X 
Taraxacum officinale Common Dandelion X X X X X 
Tetradyma canescens Horse Bush X X 
Tragopogon dubius Goat's Beard X X 
Urtica dioica Stinging Nettle X X 
WEEDS (MT STATE LIST) 
Centaurea diffusa Tumble Knapweed X X X X X 
Centaurea maculosa Spotted Knapweed X X X X X X 
Cirsium arvense Canadian Thistle X X X X X X 
Euphorbia esula Leafy Spurge X X X 
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LOWER AREA PLANT LIST 
Plants with no asterisk (*) have been identified at the lower study site in 1992. Plants with one asterisk 
have been identified by other investigators at the Old Works. Plants with two asterisks may be adapted to 
the area based on site conditions and the predicted climax plant commmiity. 
TREES 
Betula occidentalis Water Birch 
Eleagnus angustifolia Russian Olive* 
Juniperus scopulonim Rocky Mountian Jutiiper 
Picea engelmannii Englemann Spruce 
Pinus contorta Lodgepole Pine** 
Populus tremuloides Quaking Aspen 
Populus trichocarpa Black Cottonwood 
Pseudotsuga menziesii Douglas-fir** 
SHRUBS 
Alnusincana Mountain Alder 
Alms tenuifolia Thinleaf Alder* 
Arthemisa carta Silver Sagebrush 
Comus stolonifera Red-osier Dogwood 
Prurms virginiana Common Chokecherry 
Ribes lacustre Swamp Current 
Rosa arkansana Prairie Wild Rose 
Rosa woodsii Woods Rose 
Salix alba White Willow 
Salix amygdaloides Peachleaf Willow* 
Salix bebbiana Bebb Willow 
Salix boothii Booth Willow** 
Salix drummondiana Drummond Willow 
Salix exigua Sandbar Willow 
Salix geyeriana Geyer Willow** 
Salix lasiandra Pacific Willow 
Salix lutea Watson Willow 
Salix scouleriana Scouler Willow 
Symphoricarpos albus Common Snowberry 
Symphoricarpos occidentalis Western Snowberry 
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Lower Area Plant List (Cont.) 
GRASSES AND GRASSLZKE 
Agropyron caninum Bearded Wheatgrass* 
Agrostis stolonifera Redtop 
Alopecurus pratensis Meadow-foxtail 
Bromus inermis Smooth Brome 
Bromus tectorum Cheatgrass 
Calamagrostis spp. Reedgrass 
Calamagrostis striata Narrow-spiked Reedgrass** 
Carex spp. Sedge 
Elymus cinereus Great Basin Wild Rye 
Juncus balticus Baltic Rush 
Phalaris arundinacea Reed Canarygrass** 
Phleum pratense CoramonTimothy 
Poa pratensis Kentucky Bluegrass 
FORBS 
Agoseris glauca Pale Agoseris 
Apocyrmm androsaemifolium Spreading Dogbane 
Aster spp. Aster 
Aster occidentalis Western Aster 
Artemisa ludoviciana Prairie Sagewort 
Caltha leptosepala Elkslip Marshmarigold 
Campanaula rotundifolia Lady's Thimble 
Cerastium arvense Mouse-ear Chickweed 
Chrysanthemum leucanthemum Oxeye-daisy 
Cleome serrulata Rocky Mountain Bee-plant* 
Cryptantha bradburiana Miner's Candle* 
Cynoglossum officinale Common Hound's-tongue 
Epilobium glandulosum Common Willow-herb* 
Equisetum arvense Field Horsetail 
Equisetum laevigatum Horsetail* 
Equisetum hyemale Horsetail, Scouring-rush 
Erigeron canadensis Canada Daisy* 
Frasera albicaulis White-stemmed Frasera 
Gaillardia aristata Blanketflower 
Galium boreale Northern Bedstraw 
Geum triflorum Prairie Smoke 
Glycyrrhiza lepidota American Licorice 
Gnaphalium palustre Lowl Cudweed* 
Grindelia squarrosa Curly-cup Gunweed 
Habenaria hypeborea Bog-orchid 
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Lower Area Plant List (Cont.) 
Iva axillaris Poverty-weed 
Kochia scoparia Summer Cypress 
Melilotus alba White Sweet-clover 
Melilotus officinalis Yellow Sweet-clover 
Mentzelia decapetala Evening Star 
Phacelia heterophylla Scorpion Weed* 
Phacelia sericea Silky Phacelia 
Rumex crispus Curly Dock 
Salsola iberica Russian Thistle 
Sapanaria officinalis Bouncing Bett 
Silene cucubalus Bladder Campion 
Silene noctiflora Nightflowering Catchfly 
Smilacina racemosa False Spikenard 
Smilacina stellata Starry Solomon's-plume 
Solanum sarrachoides Hairy Nightshade* 
Solidago canadensis Canadian Goldenrod 
Solidago missouriensis Missouri Goldenrod 
Taraxacum spp. Dandelion 
Tragopogon dubius Goats Beard 
Trifolium hybridum Alsike Clover 
Trifolium pratense Red Clover 
Trifolium repens White Clover 
WEEDS (MT STATE LIST) 
Centaurea diffusa DifiEuse Knapweed 
Centaurea maculosa Spotted Knapweed 
Cirsium arvense Canadian Thistle 
APPENDIX F 
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WILDLIFE IDENTIFIED IN THE STUDY AREA 
MAMMALS 
Alces alces shirasi Shiras Moose 
Canis latrans Coyote 
Castor canadensis Beaver 
Cervus canadensis North American Wapiti (Elk) 
Eptesicus fuscus Big BroAvn Bat 
Erethizon dorsatum North American Porcupine 
Eutamias minimus Least Chipmunk 
Lepus americanus Snowshoe Rabbit 
Lepus townsendii White-tailed Jack Rabbit 
Marmotaflaviventris Yellow-beUied Marmot 
Mephitis mephitis Striped Skunk 
Microtus pennsylvanicus Meadow Vole 
Mustela frenata Long-tailed Weasel 
Odocoileus hemionus Mule Deer 
Odocoileus virginianus White-tailed Deer 
Ondatra zibethicus Muskrat 
Sylvilagus nuttallii Nuttall's Cottontail Rabbit 
Ursus americanus American Black Bear 
Vulpesfulva Red Fox 
BIRDS 
Agelaius phoeniceus Red-winged Blackbird 
Anas platyrhynchos Mallard 
Anus carolinensis Green-winged Teal 
Archilochus colubris Ruby-throated Hummingbird 
Ardea herodias Great Blue Heron 
Bombycilla garrulus Cedar Waxwing 
Bubo virginianus Great Homed Owl 
Buteo jamaicensis Redtail Hawk 
Charadrius vociferus Killdeer 
Colaptes auritus Red-shafted Flicker 
Corvus hrachyrhynchos Common Crow 
Corvus corax Raven 
Falco mexicanus Prairie Falcon 
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Appendix F (continued) 
Megaceryle alcyon Belted Kingfisher 
Passer domesticus English Sparrow 
Petrochelidon pyrrhonota Cliff Swallow 
Pica pica Black-billed Magpie 
Stumella neglecta Western Meadowlark 
Turdus migratorius American Robin 
Xanthocephalus xanthocephalus Yellow-headed blackbird 
Zenaida macroura Mourning Dove 
Zonotrichia leucophrys White-crowned Sparrow 
FISH 
Salmo clarki Cutthroat Trout 
Salmo trutta Brown Trout 
Salvelinus fontinalis Brook Trout 
Prosopium williamsoni Mountain Whitefish 
Salmo gairdneri Rainbow Trout 
MISCELLANEOUS 
Cambarus spp. Crawfish 
Rana pipiens Leopard Frog 
Thcannophis sirtalis Common Garter Snake 
